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CHAPTER--! 


GENERAL INTRODUCTION 

Schiff bases referred to as azomethines , anils or imines, 
constitute an important class of nitrogen donor ligands. These 
are the condensation products of primary amines with corbonyl 
comp ound (both aldehydes and ketones) and characterzed by the 
structure, RR’C =NR” where RR’C = represents an aldhyde or ketone 
residue and > N-R” represents the amino residue of a primary 
amine. In recent years, their complexes with metals and non-metal 
have been amongst the most widely studied co-ordination compounds 

on account of the stereochemical significance as well as agri- 

— — ~ 

cultural and industrial applications of the ligands as well as 
their derivatives. The development in the field of bioinorganic 
chemistry h ave further stimulated interest in the design and 
preparation of such ligands and these can produce similar" 
geometric constrains as the prophyrins and corrins . 

Schiff bases and their metal complexes find use as 
pigments and dye for cotton, wool, synthetic fibres and plastics. 
These have also been used as high temperature stabilizers, 
inhibitors against acid corrosion of metal and alloys, 
anti k nocking age nts burning rate modifiers and in photographic 
emulsions, and liquid crystel display composition. 

out of emerging areas of biological applications their 
uses as fungicides, insecticides, algaecides, plant growth 
regulators, oxyge n carries i n biological system and antiviral, 

antitumour and anticancer agents have been 

reported. 

the in volvement of inorganic metal-based compounds in 
cancer treatment was very limited untill the accidental diacovery 
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of potent anticancer activity in certain platinum co-ordination 
compounds by Rosenburg and Vancomp in 1969 and this key discovery 
has opened up a new class of antitumour agents namely inorganic 
co-ordination complexes. 

The synthesis of a variety of schiff base and allied 

derivatives (Semi carbazones, thio-semicarbazones , S-subst itut ed 

dithiocarbazates and azines) of main group elements (boron, 
aluminium, indium, silicon, gallium, germanuim, arsenic and 
antimony) as well as transition and innertransition elements 
C lanthanons, titanium, zirconium, vanadium, niobium, 
tentaluffl and uranium) by some newer preparative method as well 
as their bioinorganic applications, have been described. 

These new derivatives have been synthesised by the 
reaction of alkoxides or acetates of metals, metalloids and non- 
metal with such ligands in the medium of dry benzene and under 
absolutely dry conditions such reactions are quite facil and 
straight forward and result in the isolation of clean products in 
almost quantitative yields. it has also been possible to 
synthesize asymmetric type of derivatives having two different 
schiff base moietis in the same molecular or mixed type of 
derivatives with one of the ligand moieties being the schiff base 
and the other one being any other suitable ligand or even 
metallic derivatives in low valence states. 

The organoboron complexes of schiff bases derived from s- 
benzyldithocarbazates , sulpha drugs , semicarbazones and 

thiosemicarbazones have been shown to inhibbit the growth of gram 
postive as wellas gram negative bacteria even at very low 
concentrations. The fungicidal activity of boron 
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thisosemicarbazone complexes is appreciably higher than the two 


well-known fungicides .hevistin and PCBN.the aluminum derivatives 
of sulphonamide imines have been found to be active against 
pathongenic bacteria. 

The organosi 1 icon dithio-carbazat e derivatives have also 
been screened for their antibacterial and antifungal activity and 
these have been shown to inhibit the growth of gram positive 
bacteria only. a 100% inhibition of fugal growth at 1000 ppm 
cone. in the case of A. tenuis and C tunate fungus has been 
recorded. 

The organotin derivatives of schiff bases derived from s- 
subatituted dithiocarbazates have been tested as amoebicidal 
agents and the tributyltin compound, Bu3 an - (F.C6H4. CH. N.N. 
CS. SCH2 C6 H5 ) has been fount to be some thirty times more 
active than the well known drug, ametine. it has also been shown 
that intrat est icular administration of di—n— butyltin (o —hydroxy 
-acetophenone s- raethyldithiocarbazat e ) destroys the 
seminiferous tubules of testes and prevents the formation of 
sper-matozoa, thus making the mice not suitable for reproduction. 

The reactions of lanthanon alkoxides with fluorinated 
schiff base have also been studied. the lanthanum derivatives of 
1 , 1 , 1 , t r i f ulor - 2,4 pentanedioneimines have been shown to 
exhibit ^ily intense broad-band fluorescence in the range 5200- 
6100 AO with the peak around 5600 AO . the condensation of 
aromatics aldehydes or diketones with 2-aminoethanethiol , 2- 

iminopropanethiol or aminobenezenethiol results in the formation 
of cyclic products containing a thiazoline ring. however, in 
presence of metallic or non- metallic-ions, isomerisation of these 


ligands to 


their tautomeric schiff base form takes place. A 
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vacietyof new thio-schiff base derivatives of boron, aluminium, 
germenium, tin, lead titanium, tentalum, vanadium, and iron have 
been synthesized. 

Preparation and characterization of molecules containing 
polymetallic centres has evoked much interest in recent years due 
to their involvement in catalytic processes. The use of 
metal loboraxanea and stannoboranes as plastic stabilizers, 
bactericides, fungicides, lubricants and water repellents have 
also been described. The synthesis of several such derivatives 
has been successfully carried out. 

The field of cordination chemistry of macrocylic ligands 
has undergone a spectacular growth during the last few years, 
since it has been recognized that may complexes containing 
synthetic macrocylic compound may serve as models for 
biologically important species, jwhichcontain metal ions in 
macrocyclic ligand enviornment. A synthetic copper (1) complex of 
a schiff base with two imidazole donors has been described as a 
model for hemocyanin and a variety of bonded alkyl derivatives 
of cobalt (III) with open and macrocyclic schiff bases have been 
studied as model for vitamin B12 . Thus, it becomes evident that 
the schiff base and allied derivatives of metals, metalloid as 
well as non- metals have great significances from the point of 
view of agriculture as well as medicine. Uith a better 
understanding of structure reactivity relationship, it would be 
design even more potent bioinorganic materials, which in the long 
run, would serve as new resource, materials for human well being. 

Polymeric schiff bases, have been described by several 
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authors( 1-4) . These polymers were of low molecular weight with 


limited solubilities and showed good thermal stabilities when 
chelated with various metal. 

Though considerable progress has been made in the field 
of complexation of heavy metals ions particularly Sn (IV), Hg 
(II), Pb (IV) with molecules of biological importance (5-6) due 
to the various reasons like main festation of novel structural 
features abnormal magnetic properties and relevance to biological 
process. Schiff base complexes have been also studied by poddar 
and sarkar (7). Dutt & Hossain (8) prepared some schiff basess 
and studied their complexing behaviour towards heavy metal ions. 
The Cu(II) complexes of schiff bases derived from biguanide 
salicylaldehyde have been prepared by Bera at al(9). Study of 
these complexes has gained importance because oi their biological 
significance and interesting and magnetic properties. 

Some metal complexes of tridentate schiff base derived 
from 3-aldehydo-sal icycl ic acid and cyanoacetic acid hydrazide, 
reported by pandey and Likhar (10). The ligand used was preapared 
by the reported method (11-12). The ligand behaves as biprotonic. 
The schiff base coordinate as neutral molecule very rarely . The 
usual form being the deprotonated anions of schiff base. The 

tridentate O.N.N. usually exhibit 
interesting magnetic and strutural properties (13-15). The 
strategic disposition of the donor sites in many of such ligands 
forces the ions to dimerise or polymerises. 

Acetyl acetone reacts with two rools of benzoyl hydrazide to 
provide rather unusual schiff base (16). The infra red evidence 
confirms that the ligand gets enolised and than deprotonated and 
thus function as quadrldentate dibasic ONNO donor. 




In recent years interesting complexes o£ metals of usual 
co-ordination numbers (17-20) polycentric (21) hydroxo (22) and 
protonated (23-24) nature have been reported. Singh & Tondon (25- 
26) also studied the reaction of antimony (iii) Isopropoxide 
with schiff bases. 

Recently the importance of mixed ligand complexes in 
medicinal chemistry( 2 7 ) and industrial chemistry( 28) has lead to 
a large number of reports on the formation and stabilities of 
mixed ligand complexes. Synthesis of metal complexes having 
unusual co-ordination numbers through a process of mixed ligand 
has evoked a lot of interest in recent years. Several mixed 
ligand Pentacoordinated complex of Co(II), Ni(II) Cu(II) Zn(II) 
and Cd(II) have been reported, some mixed ligand complexes of 
Cu(II) and Ni(II), diketone with neutral heterodonor ligands have 

f. ■' . C‘ 

been also reported in the literature. /' 

Biochemical and medicinal significance of simple Zn(II) 
complexes has been discussed by many workers (29-30) Benzofuran 
derivatives are well known as biological and pharmacologically 
important compounds. 

^ Using pot ent i omet r i c technique Saxena and Coworkers (31- 

35) have carried out extensive studies on the complexation of 
several metals. Mixed imine and aliphatic diamine 
schiff base complexes derived from Sal icylaldehyde , O-OH 
acetophenone and 2-0H--Naphthaldehyde have been reported with 
bipositive metal ions (36).Alanino hy^roxomic acid an analogue of 
ftlycinohydroxamic acid has been found to undergo condensation 
«/ith aalicylaldehyde to form crystalline schiff base which acta 
‘a a tridenate chelating ligand. 
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Phenetsal a drug of vital importance form metal ion 
complexea(41-42) . The siginficant studies reported in the 
literature are on the transitional metal idn complexes of amino 
acids because of their biological inter est ( 43 ) . Such studies have 
also been made on the chelates of Polyamino acids of lanthanide 
(III) ions. 

The ability of complexation of oxytetracycline with 
heavy metal ions have been used for the photometricf 44-50 ) 
determination as the tetracycline group of antibiotics contains 
multi-functional groups in their molecules which are responsible 
for the formation of several complexes with different metal 
ionsCBl). Some reports appears on the schiff base complexes of 
organot in( IV) halides contain in their neutral forms. Cancer 
formation and its inhibitation both involve chelation. 
Carcinogenic metals are generally transition metals, which have 
pronounced tendency for chelation and are associated with 

Vitamines, Proteins, and Nucleicacids . Chakraworthi , Tiwari and 

Y 

Sharma (52-54) reported chelate formation of the two most common 
and widely used penicillins (Penicillin-G and Penicillin V) with 
some tervalent carcinogenic metal ions eg Fe(III), Cr(III) and 
Al(III) using calvin-Bjerrum’s PH-Titration Technique as adopted 
by Irving and Rossotti. The maximum value of n reaches ~ 2 in 


every case indicating formation of MLl and ML2 complexes only. 
This suggested that two co-ordination position remain unoccupied 


with the expected octahedral geometry of the complexes which may 
be utilised for combination with tissues. 

It has been reported that a Drug show increased activity 


when used in the form of their metal complexes and a number of 
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flietal chelates inhibits tumour growth are used in the 

_ __ — — 

treatment of cancer also. A ligand Isonicotinic acid hydrazide 


which is an important ant i- tubercular drug has been used in the 


complex formation, certain other hydrazides varying co-ordination 


sites for the metal ions have been studied by the earlier 


workers. A large number of hydrazides and hydrazones have been 


tested as ant ibacteial , antiviral and anti tubercular agentsCSB- 


58). More recently interest has been growing in the synthesis and 


study of Physiological effects of hydrazides and some 


biologically active aminoacids including Tyrosine in relation to 


their cytostatic effect (59). In many cases an increase in the 


cytoctatic effects of the hydrazide is observed when it is 


complexed with a transitional metal ion. Bontcher and co-workers 


(60) have recently reported the synthesis and structural studies 


of Cu (II) complex of aspartic and glumatic acid hydrazides. 


Agarwal , rao and sahay (61) extended these studies to 


transitional metal complexes of a series of aminoacid hydrazides 


and their deivetives. The probable structures of complexes have 


been assigned and various ligand field and nephelauxetic 


parameters have been evaluated. Salicylate complexes of many 


chelates including those of transitional metal have been reported 


by Mehlotra ( 6 2 ) . But most of these studies have been carried out 


in solution. In solid state conflicting results have been 


reported . 




A recent communication by Junean et.al (63) on some aryl 


sulphonyl hydrazones derived from various heterocycles prepared 


by different methods, (64-70). Arylsulfonyl hydrazones of 2- 


f urfuraldehyde and S-Nltroso f urf ural-dehyde have been reported 
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to possess antibacterial activity and (71) are also useful as 


anticoccidial agent (72) in poultry. 

. - 

OBJECT AND SCQPE:- 

Proinpted from the above, it was found interesting and 
useful to synthesise potential ligands and to study their 
complexes with transition metals. The present studies have been 
initiated in this direction, with particular emphasis to 
determine the oxidation state, coordination number, the stereo 
chemistery and the presence or absence of distortion with this in 
view, some ligands namely p-chloro-Benzal thiosemi carbazone 2:5 
dimethoxy phenyl glyoxal thiosemi carbazone, 4-p-roethoxy phenyl 
thiosemi crbazone of 2.5 dimethoxy phenyl glyoxal , 0( -N-methyl-S- 
Benzyl- -N- ( 2.5 dimethoxy phenyl glyoxal ) methylene 
di thiocarbazat e , ^-N-Me-S-Benzyl- -N ( 2-Hydroxy-5-carboxy phenyl 
glyoxal) methylene dithiocarbazate , ^ -N-Hethyl-S-Benzyl-^ -N (2- 
amino - Benzophenone) methylene-dithiocarbazate , 5- Methoxy 

Sal icylidene-O-amino -Benzophenone and 5- chloro- Salicyl idene-0- 
amino - Benzophenone have been chosen. These ligands contain 
azomethine nitrogen Thioketone sulphur , Ketonic oxygen and 
phenolic hydroxyl group for chelation. some of these compounds 
are biologically active. The present investigations have ^een 
carried out by isolating the metal chelates of the above said 
ligands with Iron (III), Copper (II), Manganese (II), Uranyl (II) 
Nickel (II), Cobalt (II), Vanadyl (II), Chromium (III) Manganese 
(III) and cobalt (I-II) metal ions in solid s-tate. 

The metal complexes have been characterised by elemental, 




chelates 
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Besides studying the stero chemical aspects of the 
isolated \he present work can further be extended in 
Mossbauer Spectral studies of iron (II) and iron (III) chelates 
for the elucidation of bonding in the complexes. Isolation of low 
valency state metal complexes, measurement of electronic spectra 
in polarised light and X-ray absorption spectral studies for 
elucidating the symmetry, about coordination sphare, nature and 
length of metal- ligand bonds. 

LITERATURE REVIEU ON 
MAGNETIC MEASUREMENTS 


11 








B 




The magnetic studies has been utilised for many years as 
one of the most powerful techniques for predicting the type of 
bond sterochemistry and the oxidation state in the metal 
complexes. In the measurement of effective magnetic moment the 
donor set or the chromophore present in the ligand is responsible 
to a considerable extent in deciding the spin space of the metal 
ion i.e whether it is in high or in low spin or in intermediate 
Stat e . 


The magnetic prperties of complexes are frequently 
discussed in terms of quantity called the "magnetic moment" ueff 
rather than of the susceptibility. The magnetic moment is 
realated to the susceptibility. 

jUeff = (3K/Np2)l/2 (nAT)l/2 
= 2.828 (nA.T)l/2 


where N-is Avogadro’s number. 

The d-d electrons are influenced by the ligand fields, 
magnetic behaviour is changed upon the incorporation of metal 
ions into complexes with the presence of ligand fields some of 
the orbitals used their degeneracy. It is because of this 
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behaviour the angular momentuin consequently magnetic moment of 

> ■ 

the complexes is fairly explained with the second order effect 
calculated by the equation- 

xg=N^ 2/lOD^ 

where N is the avogadro’s number 
— is the Bohr Magneton. 

Some workers successfully explained the anamalous 
magnetic behaviour and then variation with temperature. The low 
magnetic moment value for the chloride (4.52 BM) and the nitrate 
(4.62 BM) complex suggest that they may have an orbital singlet 
ground state with a distorted octahedral environment (73). The 
ueff value of (2.0 B.M.) is well with in the range reported for 
spin paired octahedral complexes of Fe (III) (74-75). This 
indicate oxidation of Fe(II) into Fe (III) during isolation. 
Conclusion that Fe(II) is oxidised to Fe (III) is supported by 
electronic and infarared spectra of the complexes. However, the 
high value of magnetic moment in the nickel complexes indicates 
large orbital contribution (76). Low spin cobalt (II) complexes 
possess the magnetic moment (1.9BM) at room temperature which 
is in between for the two spin states and such intermediate 
values, can arise due to any of the following mechanisms (a) 
partial oxidation of Co (II) into Co (III) (b) anti ferromagnetic 
exchange interactions c) equilibrium between the thermally 
assescible 2Eg and 4T2£ states i.e 4T2g *= 2Eg 

In recent years there has been considerable interest in 
the magnetic exchange behaviour of transitional metal complexes 
(77-78). But majority of these studies have centered around the 
S=l/2 systems and relatively leas attention has been paid to the 
S-1 and S=3/2 systems. Shah (79) et.al. isolated few complexes of 




Ni (II) Fe(III) and Cr (III). The magnetic moment for ths Cr(III) 

■ 

complexes might be due to positive spin orbit coupling and small 
magnetic aniaotropy irrespective of the nature of the bonding 
involved (80). The slightly higher value of ueff for the compound 
may be due to ferromagnetic impurity. Sahoo amd Hohapatara (81) 
noted in trnsition metal cluster complexes the magnetic moment of 
the paramagnetic Co (II) of the type (Co2 L2 X4) (where X = cl, Br , 
no3, and SCN) lie in the range (4-4.6 Bm) synthesis and 
characterisation of chelates of trivalent rare earths metals La, 
Pr , Nd , Sm, Gd , Ho, Er and Yb with schiff base, biacetyl bis 
(benzoylhydrazone)have been reported by the physico-chemical 
methods. The magnetic moment of all the complexes observed at 
room temperature show a very little deviation from von-vleck 
values(83) indicating as expected that 4f electrons are not 
involve in bond formation in these complexes. Mehrotra (84) 
reported the magnetic studies of many di-and trivalent metal 
ions, and found that copper alkoxides show a lowering in the 


value with decrease in temperature which 


suggests 


enti ferromagnetic exchange interction between copper pairs in all 
these alkoxides (85) based on infinite chains of methoxy bridged 
copper atoms rather than layer type structure suggested earlier. 
The values of exchange coupling constatnt (J) in these alkoxides 
have been calculated. Oxovandium (IV) complexes has a magnetic 
moment of 1.7 B M which is close to the spin only value of (1.73 
B.n.) expected for 3d complexes when the orbital contribution is 
completely quenched. 

On the basis of magnetic suspectibilities at varying 
temperature the Fe (III) complexes withseveral, . auadridentatft 
schiff ’s base were classified into fj>ur type fil High spin 






-iS- 

(S-5/2)(ii) Low spin (S=1/2)CIII) intermediate spin (3=3/2) and 
(IV) crossover coni|>lexes. The last of which have a ligand field 
strength near crossover point of high spin and low spin types. 

The diamagnetic behaviour of Co(II) complexes is rather 
unusual though not known (86-87). The cobalt (II) being a d7 
complex should show paramagnetism either equivalent to 
three unpaired electrons (octahedral and tetrahedral geometry or 
equivalent to one unpaired electron (square planar geometry The 
observed diamagnetism of the Co (III) complex indicates spin 
pairing which could take place by the formation of bond between 
two cabalt ions with 1 igand molecul es in the square planar 
geometry. 

Iron (III) is known to form high spin (3=5/2) low spin 
(3=1/2) and inerraediate spin (3=3/2) complexes under the 
influence of different ligand field. 3pin cross over phenomenon 
is usualy observed with the iron (iii) compounds. 

The low spin compounds give rise to the 2T 2g term and 
the temperature dependent magnetic moment is a function of spin- 
coupling parameter. the magnetic moment value is expected to be 
above spin only value (1.73 B.M) and less than about (2.5 
B.M)(88). The excess over the value for one unpiared electron 

(1.73 B.M.) found for the complexes can be attributed to spin 

orbit coupling (89-90). 

The Ni(II) complexes (91) of aryl substituted ligands 
show slight paramagnetism (0.5-0. 7 BM) amd are assumed to be 
square planar. The slight paramagnetism observed could be due to 
(i) equilibria between square planar and tatrahedral structures 
or (ii) the proximity of triplet 3Eg state to the groun state 
Alg for a square planar complexes or (iii) temperature 
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indepandent paramagnetism (92-93). 

Although there hav)^ .been considerable interest in co-ordination 
compounds of schiff bases with the 4d0 ion dioxomolybendumC 94-95 ) 
(VI) comparatively very little has appeared on co-ordination 
compounds of schiff bases with th 5d0 ion dioxotungsten CVI)C96- 
98). Only two reports dealing with a few dioxotungsten (VI) co- 
ordination compounds of schiff bases have appeared in the 
literature (99). 

The room temperature magnetic moment values of the trans 
and bis-cobalt (ii) complexes fall in the range (4.65- 5.01 B.M). 
The values in most cases are in good agreement with those (4.8- 
5.2 B.M) observed for most of the high spin octahedral cobalt(II) 
complexes (100). A lower value in some cases may be indicative 
(101) of a spin-state equilibrium between 4Tig & 2Eg States 
suggesting that the over all ligand field in the complex species 
is close to the cross over region of 3d7 cobalt (II) ion (102). 

The chemistry of oxovanadiura (IV) is of interest from 
chemical structural and biological point of view (103-107). The 
observed magnetic moment oi six co-ordinated oxovanadium (IV) 
complex lie in the range (1.6-1. 8 B.M.) close to the spin only 
value of a dl - system (108). The complex [ V0(C204 ) (N-N] exhibit 
the magnetic moment in the range (1.50-1.56 B.M). The low value 
of magnetic moment of the complex with (N-N) ligands and also 
lowering of V (Vo) mode in the I . R . spectra are indicative of the 

existence of V=0 chain. 

ELECTRONIC SPECTRAL STUDIES 

Electronic spectra has been used in the past in assigning 
tetrahedral square planar and octahedral geometries as well as 
the polymetric intramolecular linkages. But it 
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that it: may be used in number of ways to elucidate the structure 

> ■ 

of the complexes. The Spectral investigations of transitional 
metal complexes find wide application in terms of energy level 
schemes and chemical bonding which is the basis for consideration 
of many problems of the structure of the metal complexes. 

Schiff base 2-sal icyl ideneiraino , 5-Ilercapto- 1 . 3 . 4- 

thiadiazole shows an electronic spectrum of an intense band at 
260 nm (38460 cm-1) and a comparatively weaker band at 300 nm 
(33-330 cm-1). The high intensity of 260 nm band suggest it to be 
due to (d-d) transitions. The tetragonal cu(ii) complexes 

involves three transitions viz 2 Big > 2B2g, 2Blg > 2Eg and 

2Blg >2 Alg. But bands due to these transitions usually overlap 
to give one bread absorption band (109) square planar complexes 
have complex broad band at relatively higher f requenci esl6000cm-l 
The regular tetrahedral complexes of Cu(II) show no d-d 
absorption band in the region 10000-20000 cm-1. 

The octahedral Cr (III) complexes axhibits bands at 
263,405 and 585 nm assignable to the transitions (110). 

^A2g(F) > 4Tig(P) 4 Ig (F) and 4T2g (F) respectively. 

Many tetrahedral complexes of Fe (ii) are known to 
exhibits a broad, sometimes split band in the infrared region 

near 4000-6000 Cm-1 attributed to the ST2 >5E, transition. The 

electronic spectra of low, spin Fe (II) complexes exhibit 
principal spin allowed bands corresponding to the transition 
lA2g > ITig lT2g excited States. 

The electronic spectra of Co(II) complexes give two d-d- 
transition bands in 5480-5800 and 6350-7690 Cm-1 regions and 


a 
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pa,ir of bands in^the 14660 — 16670 Cm- 1 region. these may be 
assigned to 4B2< — 4A2(F), .4ECF)<— -4A2CF) and 4ECP)< — 4A2(F) 
transitions. this is- consistent with square pyramidel 
St ereochiinstry around CoCII) ion. The positions of the three d-d 
transition bands obtained around 24390,16810 and 14290 Cin-1 in 
the spectrum of oxovandium (V) complex could be assigned to the 
transitions dxy— ->d 22 , dxy— ->dx2-y2 and dxy— ->dx 2 , 
dy 2 respectively. These are indicative of square pyramidal 
geometry around vanadium. 

In an octahedral Ni(ii) complexes three d-d transition 
band in the region 10101-10800, 16077-18180 and 25640-25660 Cm-1 

assignable to the transitions 3A2g (VI) 3T2g. 3A2g(V2 )-->3Tlg( f ) 

and 3A2g >3T Ig-(P) V3 respectively. 

In the electronic absorption spectra of Pt (IT) and Pd 
(II) Chelates one should expect three spin allowed and three spin 
forbidden bands. The weaker bands at 18600 Cm-1 in red colour (Pt 
complex ) and at 19000 Cm-1 in brown colour are assigned to spin 

mmmrnrM"’ 

forbidden d-d- transitions. 2 Eg and 3A2g excited states 
respectively (111-112). The first spin allowed d-d transition B2g 
(xy--Blg (X2--Y2 ) , lAlg >lA2g is believed to occur at 25000 Cm-1 
in ptcl4-2 and about 43000 Cm-l(113) in Pt(NH3)4+2 complexes. 

The very intense absorption band observed in the spectra at Ca 
36000 Cm-1 is perhaps due to L— > M, charge transfer procees. In 
square planar dithio-oxalato complexes of Pt (II), Pd (II) very 
intense L > M bands were observed at 36400 Cm-1 and 45000 Cm-1 
respectively (114). The ground state for d6 Pt (IV) is lAlg. The 
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ligand field transition eg. t5 2g<--t6 2g gives 3Tig 3,T2g and 
ITlg and lT2g as excited States in increasing order of energy. 
The electronic spectra of Pt (IV) complexes show absorption bands 
at 20000, 23500 and 29900 Cm-1 The bands at 20000 Cm-1 in Pt(IV) 
complexes are due to d-d transitions assigned to the singlet, 
triplet transition (115-116) 3 2g< lAig. 

In the electronic spectra of the octahedral Pt (IV) 
complexes bands were obtained at ~ 660 ~ 550 and ~ 412 nm. which 

may be assigned to 2T2 — >2E1, 2T2 — >2T1 and 2T2 >4T1 

transitions. The values are consistant with the earlier 
observations (117). Sharma et.al (118) reported Cr (III) 
complexes of maleanilic and Phthalanilic and their different 




substituted products. In the electronic spectral studies, the 
value of Racaha’s interelectronic repulsion parameter B has been 
calculated by three different method as discussed by Konig (119). 
It is interesting to note that the calculated values of B and 
nephe lauxet i c ratio 35=B in complex B in free ion) depend 
significantly on the method adopted for their calculation. Metal 
complexes of schiff bases are studied extensively due to 
synthetic flexibility of these compound and their selectivity as 
well as sensitivity towards the Central metal atom. A number of 
review have been devoted to coordination chemistry of schiff 
base metal complexes (120-126). Three bands are observed in the 
electronic spectra (127) of Co (II) complexes which are due to 
spin allowed transition. A strong and intense band at ~26000 Cm-1 
may be due to the ligand metal charge transfer. 
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Three weak bands around 720, 640 and 540 nin are observed 

in the electronic spectra of the octahedral Ni(II) comlexes which 
are assigned to the transitions 3A2g--> 3T2g (VI), 3A2Cg)--> 

3TlgCV2) and 3A2g— > 3Tlg (P) (V3) respectively (128-129). The Ni 

(II) complexes of 3-aryl substituted ligands also exhibit three 

weak bands around 710, 680 & 550 nm which are assigned to the 

transitions, lAlg-->lEg lAig > lA2g and lAlg — >lBlg respectively 
in the square planar symmetry (130. The reflectance spectra of Cr 
(iii) complexes (131) exhibit two bands at 435 and 465 nm. which 

are assigned to the transition 4A2g (F) > 4T Ig (F) and 

4A2g(F) 4T2g(F) respectively. These are charat eristic of 

octahedral Cr(iii) complexes (132). The reflectance spectra of Fe 

(III) comlexes do not show any distinct band in the visible 
region. The Cu(II) complexes show two broad bands one around 670 
nm due to 2Blg-->2Alg transition and another one around 540 nm 
due to 2Blg >2B2g transition which may be indicative of square 
planar geometry (133) for Cu (II) comlexes. 


INFRARED STUDIES:- 
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The infrared spectral studies are of an iminence 
importance in the field of co-ordination Chemistry due to the 
several reasons :- 

(a) In distinguishing the nature of various functional 
moieties present in the ligand as well as in its metal compounds. 

(b) To ascertain the mode of co-ordination of the donor 
atoms with metals. 

(c) To give an idea about the multiple bonding. 

(d) To reveal isomerism and 

(e) To ascertain the state of ligand whether free or bond 
and degree of molecular symmetry in the complex. 

The absorption of light energy by organic compound in the 
visible and ultraviolet regions involves promotions of electron 

in o-and n-orbitals from the ground state to higher energy state. 

The infrared spectrum cannot commonly distinguish a pure sample 
from an impure sample. pure sample will have fairly sharp and 
well resolved absorption bands whereas the crude preparation do 
not have. The infrared spectrum can aid the progress of chemical 
reaction . 

Sangal(134) et.al. studied the complexes of 2-quinoxal ine 
- carboxamide and established their structure on the basis of IR 
studies they found that the ligand shows VC = 0 mode at 1705 CM-1 
and two bands at 3410 and 3180 Cm— 1 which can be assigned to 

stretching vibration of NH2 group. In all the complexes the 

(C=0) stretch shift to lower region by about 40-50 Cm-1 this 
I indicate that Co-ordination occur through the oxygen atom of the 


amide( 135-136 ) group. The infrared spectra of all the complexes 
of Nickel & cobalt are similar implying that the ligand 





co-ordinates in same way in both the cases. The nitrate group 
show bands around 1 380 , 1 300 Cm-1 in addition to those at 1025- 
1075 and 830-835 Cm-1 indication of the semicoordination by 
nitrate group (137-138). The bands between 253 and 280 Cm-1 may 
be tentatively assigned as the VCRU-S) frequency (139). New bands 
appear in th Rhodiiyn and Iridium derivatives around 345 and 330 
Cm-1 can be tentatively assigned to V(Rh-S) and V(Ir-S) 
vibrations respectively which are absent in the spectra of free 
ligands. The ligands exhibit Thione == Thiol tautomerism show 
bands in the region 1560-1550, 1250, 1090, 1080 and 790-780 Cm-1 

which are assigned in thioamide I, II, III and IV Vibrations 
respectively. These bands are not pure and have contributions 
from V(N-H),V(C-N),V(C-S) and V(C-H). The thioamide (IV) band 
has been found to have maximum V(C=S) contribution. This band 
ifts to lower frequency suggesting the co-ordination of the 
sulphur atom to the metal. The bands observed around 3540-3400 
Cm-1 (V asy OH and VSY-O-H) and at 1600 Cm-1 (H-OH mode) may be 
attributed to the non-coordinat ed water(140). However, if the 
water-molecule also present as coordinated and lattice than two 
broad bands at -3400 and 3525 Cm-1 would be observed in the 
complexes. The corresponding Cu(ii) complexes are, however, 
anhydrous and do not possess such nand. 

The acetamido ligand displays a Keto==enol tautomerism 

H 0 OH 

1 I I I 

- N -- C === N= C - 

The mode of bonding of the metal ions with this ligand is 

sither through Keto form or enol form Tha ■, 

• K,M.m ui enoi lorm. fhe copper complexes of 

the acetamido ligand displays bands at 3490 and 3350 Cm-l 

indicating that this complex contains vater of crystallisation 


atf i • 1; ' ; . .1 ' 
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and has the -NH in the amide structure. The strong band at 
1690 Cm-1 for the anilide carbonyl group supports the co- 
ordination of the Keto form of the acetamido group to 
copper(142). 

The effect of the hydroxy group ortho to Keto group was 
first noted in a 0-hydroxy acetophenone( 143 ) and this was 
attributed to hydrogen bonding between the hydroxyl group and 
Ketogroup. 

In the thiocyanate complexes V(C=N) is found around 2090- 
2105 Cffl-1 region showing the presence of terminal N-bonded 
thiocyanate group. Nitrate complexes have the VI and V4 bands in 
1280 and 1410 Cm-1 region respectively. The difference V is of 
the Oder of 130 Cm-1 suggestive of monodentate Nitrate 
coordination. The schiff base exhibits the V(C=0) mode at 1645 
Cm-1 The absence of this band in the complexes indicates 
enolisation of the > C=0 group and subsequent coordination of 
oxygen atom. The complexes exhibit a new band at 1230-1245 Cm-1 
due to the V(C-O) phenolic. A broad band at 3300-3400 Cm-1 
confirms the presence of non coordinated OH group of the ligand. 
During the chelating behaviour of 2-Salicylideneimino -5 mercapto 
1, 3, 4 - Thiadiazole a strong and broad band at ~3070 Cm-1 
observed in the I.R. spectrum of the schiff base is 
characteristic of intramolecular hydrogen bonded phenolic OH 
vibration this is absent in the spectra of the metal complexes. 
The V(N-N) frequency remains unchanged in the spectra of the 
complexes ruled out the coordination of the ring nitrogen of the 
Thiadiazole moiety, instead the involvement of both the Sulphur 
atoms in co-ordination is Indicated by the absence of VS-H 
vibration and batho-chromic shift of the 
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the spectra of the complexes. 

The strong band in the region 1650-1350 Cm-1 are assigned 
to carboxylic stretching frequencies in the case of the oxalato 
complexes. The band at 1490, 1360, 1328, 795 and 498 Cm-1 for 
U02(C204) IMZ and at 1505, 1335, 1310, 804 and 885 Cm-1 for U02 
CC204) PYz are characteristic for coordinated oxalato group 
(144). This suggest that in the complex the planar symmetrical 
configuration of the oxalate groups where they act as bridges 
between two U02 ions in polymeric forms, is retainedC 145 ) . Kehta 
et.al(146) reported dissociation constant of 2(N <-benzyl-2- 
hydroxy benzylidine imino) ethane sulphonic acid with heavy metal 
ions. All the complexes give one broad band in the region 3200- 
3230 Cm-1 due to VOH of the water molecules. The loss of water 
molecules relatively at high temperature (> 180 ) indicates that 
these are co-ordinated and not in a lattice field. In the spectra 
of uranium complexes two new bands at 900 and 970 cm-1 are 
assigned to Uo2 (11) ion, Usually two characteristic frequencies 
in the region 950-890 and 830-820 cm-1 are reported for Uo2 (II) 
in the metal chelates(147 ) . Lowering of these frequencies in the 
uranium complexes is a clear indication for the involvement of 
oxygen of Uo2(II) in bonding. In the spectra of the 1:3 diazole 
complexes the N-H bonding and stretching frequencies which occur 
at ~1465 and ~3300 Cm-1 respectively, clearly show that 1:3- 
diazole and its derivative are coordinated through the tertiary 
nitrogen atom as confirmed by the reported X-ray structural 
studies (148) . 


The nitrate complexes [Cu(bzac)L23 No3 show a strong N-0 
atretching mode around 1350 Cm-1 (Vs) region and two inactive 









deformation modes around 850 CV2) and 760 Cm-1 (V4) . These 


indicate ionic nature of the nitrate ion having D3h(149-151) 


symmetry. The perchlorato-compl exes display three sharp bandi 


at~1100~1080 and ~1070 Cm-1 and another band at ~920 Cm-1 


suggesting the coordinated behaviour of Clo4. The diagnostic IR 


band of the polyatomic anions indicate that the perchlorate group 


remains ionic in the trans-complexes (IR band at 1150 - 1060 Cm-1 


(V3) and 620 Cm-1 (V4) are assigned to ionic perchlorate in Td 


SymmetryC 152 ) . The ionic nature of the BF4 group is ascertain by 


the appearance of a strong but very broad band in the region 


1105-1035 Cm-1 CV3) mode of BF4 ion in Td symmetryC 153 ) . 


The most characteristic feature of the I.R. spectrum of 


the [VO(acac )23 is the appearance of a sharp strong band at 995 


Cm-1 (154-155) assignasble to (V=0) modes. 


It is found that in the imidazole complexes bands occur 


at ~30,00 Cm-1 1570 Cro-1 and 1640-1650 Cm-1 (broad split) 


respectively. The broad band in the range 1640-1650 Cm-1 is 


probably due to the coupling of V(C=N) of the imidazoles and V 


C=0 of coordinated carboxylic group with the Vo(TV) ion Thus, 
the I.R, Spectra of these complexes support the bidentate 


coordination of imidazole molecule. 


Schiff bases derived from aromatic diamines and mono or 


dicarboxyl compounds are multidentate ligands which can act in 


variety of ways ( 1 56-157 ) . In the far I.R. Spectra various new 
band observed are characteristic of V(II-N) or V(M-O) frequencies. 
The new band in palladium (II) complexes observed at 435-460 Cm-1 
»ay be assigned to VCPd-N) while those observed at 410-465 Cm-1 
may be assigned to V(Pd-O) (enolic) vibrations(158-159) on steric 
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ground it can be said that these schiff bases can not form 
monomeric structures. On the basis of previous work in this 
fieldC 160-162 ) these complexes may be present in dimeric form. 

Infrared spectral bands due to pyridine in spectra of 
coiTipleKes are observed at high positions compared to the 
corresponding band in the spectrum of free pyridine (observed 
between 900 and 1215 Cm-1) similar bands also observed earlier by 
Green wood and wade(163) in substituted pyridine complexes. 

Two strong bands are observed at 2900 and 2500 Cm-1 for 
the schiff base and its complex can be attributed to H-bonded 0-H 
of carboxylic group. Complexes of benzylhydrazine (BH) and 
isonicotinoylhydrazine (INK) with Uranyl sulphate and oxalate 
have been isolated and characteised on the basis of infrared and 
Raman spectral data. I. R. Spectra indicate that BH and INH acts as 
neutral bi-and Tri-dentate ligands coordinating through >C=0, 

NH2 (-C0NH2) and pyridine nitrogen respectively. Sulphato and 
oxalato groups acts as bridging bidentate ligands respectively. 
I.R. and Raman spectral data indicate that all ligand atoms are 
arranged in the equatorial plane around the Uo2(II) group which 
maintains its linearity in all the complexes. A strong band at 
about 852 Cm-1, suggests that the linearity of the OUO group is 
maintained in these complexes. The absorption band of medium 
intensity at 910 Cm-1 in BHL is masked by strong absorption at 
925-905 Cm-1 due to V3 vibrations the doubly degenerate OUO 
bending mode V2 is observed between 255 and 235 Cm-1 in low 
frequency I.R. spectra of these complexes. 

The free oxalate group belongs to D2H symmetry and shows V as G-0 
and Vs C=0 modes at 1640 and 1335,1316 Cm -1 respectively. In 



compounds where thi| oxalato group covalently bonded through four 
(bridging) oxygen atom the symmetry remains unchanged but when 
the oxalato group is covalently bonded through two oxygen atoms 
(Chelating or bridging) the asymmetry is changed to C2v 
(chelation) or to C2h (bridging) respectively. 

2 : 4-dihydroxy benzophenone semicarbazone and thiosemicar- 
-bazones as new chromofienic reagents for the rapid 
spectro photometric determination of copper was used by Reddy 
et.al(164). Coordination through ketonic oxygen and thioketo- 
sulphur is corroborated by the appearance of bands at 483 and 325 
Cm-1 which may be assignedC 165-166 ) to V(Cu-O) and V(Cu-S) in 
copper complexes. Similarly V(Cu-N) bands Are observed at 599 and 
563 Cm-1 in copper complexes of DBFS and DBPT respectively. 

The I, R. Spectra of isonitroso complexes do not exhibit 
any bands at 1195 (C-H) and 795 Cm-1 (C-H) indicating that 

substitution has occured. The band occuring in the range 1640- 
1680 Cm-1 shows the presence of un-coordinated carbonyl group 
(1^7). The band in the range 1610-1630 is indicative of >C=N-group , 
while the band around 1600 Cm-1 indicates coordinated carbonyl 
group. The band occuring at 1180(-N=0) and 1140 Cm-1 V(N-O) 
suggest that both 0 and N bonded moieties are present in the same 
molecule. The isonitroso benz-oyla cetone complexes exhibits 
similar I . R . charact eistics . 

The characteristic frequencies below 700 Cm-1 generally 
have following aspects: 

(a) They involve mainly skeletal bonding vibrations for 
light atoms and stretching vibrations for heavy atoms. 


-27- 


most 


useful for differentiating ' between 


various 


stereochemistries i.e. octahedral, planar geometry, Trigonal 
Bipyramidal and Tetragonally bipyramid. Plasticity of the 
coordination sphere of the metal complexes provides the types of 
bonding, stereochemical distortion, bond angle, bond lengths, 
micro geometry and micro-symmetry. 


(b) The mass is usually large but bot always. 

(c) The force constant is usually small. 

(d) The vibrations are often associated with three or 
more atoms. 

(e) They are influenced more by neighbouring groups and 
may occur over a wide frequency range. 


CHARACTERISTICS FREQUENCIES ABOVE 700 Cm-1 

(a) They involve mainly stretching vibrations except for 
vibrations involving hydrogen. 

‘ 

. 

Cb) The mass of single atom is usually small. 

(c) The force constant between the atoms is usually ■ 

large. • ; 

(d) They are often localised characteristic frequencies 

and may not be effected too much by neighbouring groups. I 

Halogen and Jfitrogen bases have a tendency to form 
bridges resulting in polymeric forms. In general bridging (H-X) ' 

(X=Cl,Br,I) stretching frequencies are lower than terminal (M-X) 
stretching frequencies. Far infrared spectra of metal chelates is 
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CHAPTER-II 

PHYSICAL KEASUREKENTS AND METHODS OF CALCULATION 

PHYSICAL MEASUREMENTS 

(a) Magnetic Me-asur ecients 

The magnetic susceptibility of the isolated complexes 
were measured in powder form using GUOY’S balance. Mercury (11) 
t etrathiocyanato cobaltate (II) [HgCo (CNS)4] (Xg = 16.442 x 10 
CGS units at 293 A) was used as calibrant. Tube constant was 
calculated from time to time to check the satisfactory working of 
the apparatus. The measurements were carried out in the 
Department of Chemistry, Delhi University, Delhi; and University 
of Roorkee, Roorkee. 

(b) Infrared Spectral Studies - Infra red spectra of the 
compounds were recorded on a Perkin-Elmer 621 spectrophotometer 
in KBr pellets. These measurements were carried out at Indian 
Grass Land research Institute Jhansi. 

(c) Electronic Spectral Measurements - The electronic /Reflectance 
spectra of the complexes were measured in non aqueous media using 
Bausch and Lomb spectronic 20 and Perkin Elmer-621 
Spectrophotometer at room temperature. 

(d) pH-Measurements - pH- measurements were made at room 
temperature on an Elico pH-met er-using glass electrodes. 

(e) Chemical Analysis - The metal complexes in all the complexes 


were estimated as follows. 


Y’ -41- 

n weight of the complex was decomposed with a 
.ixtuoe Of cone. HN03 and H2S04 by heating. The onganic matter 
filtered and the residue was dissolved in doubly distilled 
water or some times dilute hydrochloric acid was added to it and 
made upto a known volume, from which the metal contents were 
estimated by standard literature methods. The micro analysis of 

carbon, hydrogen and nitrodjfhn e-v. i • 

gen for the ligands and the isolated 

comp 1 exes was done at 1 i 

nodi Steels, Modinagar and Modi Rubber 

Ltd., fifodipuram (Meerut). 

Field Parameters 

various ligand field parameters such Dqxy,Dqz , Dq 
Ds, Dt, Angular overlap parameters such as dj- . dX . e fc- xy , e • TTxy , 
«’X^. -nd normalised spherical parameters e.g. DS. DI , DQ . 

DOxy and DQs have been calculated by the literature methods. 1-4 

Harriet i sm 

Magnetic susceptibility fusing GUOys balance) has been 
calculated using the formula 

P = U.44 X 10-6 X Room temperature k x w/ Temp. k.AWs 

A W'S = (ad WS - gw ) 

iw = the change in the weight of the empty tube. 

As = the change in weight of the calibrant. 

^ - weight of the calibrant 

Xg = ^ X ^w’T/ W 

Xg = firam susceptibility of the complex 

^ = tube constant 
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w = weight of the complex 
^w’T = change in the weight of the complex 
p.eff = 2.828 v/ XH’ x 10-6 x T 
jjjeff = magnetic measurement at temperature (T). 

XM’ = Kolar susceptibility corrected for dimagnetism 
(according to the values suggested by Figgis and Lewis). 

T - absolute temperature. 

The magnetic susceptibility measurements 5 were carried 
out by the GUOY method using a thin pyrex glass tube (1.2 cm an 
internal diameter and 15 cm long). The calibration of the balance 
was done by using conductivity water and this water was also used 
as reference solvent. All susceptibility measurements were 
carried out at room temperature. 


Covalency Factor or Nephelauxetic Ratio- 

Covalency factor ( ^) has been calculated by using the 
relation ^ = B (in complex)/B (in Freeion). The value o€ = 1.0 
indicate 1005; ionic character while ^ = 0.5 indicates 100% 


covalent characte. Thus the val 


ues ^ 


between 0.5 and 1.0 clearly 


suggests the partial covalency character. 


Ligand Field Splitting Energy (lODq or /V^ 

It is the orbital separation energy between ^5 or t2g 
and ^3- or (eg) often represented by 10 Dq or ^ . In all the 
systems 10 Dq has been calculated using the equations suggested 
by Figgis 6 and Ballausen 7 . 
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Racah * e Inter- Electronic Repulsion Parameter 

Uhere the interaction between two or more electrons ar e ^ 
involved, it is possible to write down the energy for each term 
above the ground term, which arises as an expression involving 
several parameters. The energies are a function of the electron 
repulsion parameters. The two parameters can be chosen either the 
condon shortlyS parameters (FO, F2 , F4) or • the Racah ’s 

interelectronic repulsion parameters (A, B, C)5>,10, These 
parameters are sufficient if attention is restricted to 

d-electrons. If for example, f-electrons are considered other 

parameters are sufficient if attention is restricted to 

d-electorn. If for example, f-electrons are considered other 
parameters to extend the set must be incorporated. Excitation 
energies of some ‘multiple terms in spherical symmetry expressed 
in Racah parameters (B) and (C) of interelectronic repulsions are 
given below in table No . 2 and 3. 



ckfort and J.E. Ferguaon -J. Chem. Soc.(A), 1048, (1968). 


Table No. 2- Relevant 

■>1 

d configurations are 

excitation energies of 

given below: 

TABLE 2 

some of 

the terms for 

Ground 
t erm 

d5 

Ground 

term 

3d3 A d7 

Ground 

term 

d2 & dS 

6S 

0 

4F 

0 

3F 

0 

4G 

10B+5C 

2G 

4B+3C 

ID 

5B+2C 

4P 

7B+7C 

4P 

15B 

3P 

15B 

4D 

17B+5C 

2P 

9B+3C 

IG 

12B+2C 


Table No. 


Table No. 3- 

Free ion values 

of B 

and C for 

different gaseousll- 

12 ions based 

on electronic configuration: 




TABLE 

3 


Electronic 
conf iguration 

ion 


B 

C 

3d2 

V+3 


816 

4165 

3d3 

Cr+3 


918 

3850 

3d4 

Iln+3 


1140 

3675 

3d5 

Mn+2 


960 

3525 

3d6 

F6+2 


1058 

3901 


Co+3 


1100 

— 

3d7 

Co+ 2 


971 

4366 

3d8 

Ni + 2 


1041 

4831 

4d6 

Rh+3 


720 

— 

4dS 

Pd+2 


683 

2620 

5d4 

Os + 4 


700 

— 

5d6 

Ir + 3 


600 

— 


Pt + 4 


720 

— 

5d8 

Pt + 2 


600 



Li&and Field Stabilisation Energy - 

Ligand field stabilisation energy is simply given by the 
energy gain in units of Dq for the ground state. Following table 
represents the value of L.F.S.E. for different electronic 
configurations. Actually L.F.S.E. is known as the difference 
between the lowest energy level of a term split by a ligand field 
and the centre of gravity of the term in the ligand field.^^^ 


T 
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_L ■ F . S . E . Values for different electronic configurations 



TABLE 4 


Electronic 

L.F.S.E. for 

octahedral complexes 

Configuration 

Ueak Field 


Strong Field 

dl 

4Dq 


4 Dq 

d2 

6Dq 

8Dq 

-(3F2 - 15F4 ) 

d3 

12Dq 


12 Dq 

d4 

6DQ 

16Dq 

-(6F2 + 145F4 ) 

d5 

ODq 

20Dq 

-(15F2 + 275F4 ) 

d6 > 

4Dq 

24Dq 

-(5F2 + 255F4 ) 

d7 

6Dq 

18Dq 

-(7F2 + 105F4 ) 

d8 

12Dq 


12 Dq 

d9 

6Dq 


6 Dq 


L.F.S.E. = X.Dq/350 (X-varies according to d configuration) 


Spin Orbit Coupling Constant 

The spin orbit coupling constant of the ions where 
complete quenching is expected has been calculated using the 
formula 



moment 


spin only moment in B.M 


A constant C 4 for F-ground state ion and 2 


for D-ground state ion) 


10 Dq - Ligand field splitting energy 
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Lande ' s Splitting Factor (g) in Octahedral Fields 

The value of Lande’s splitting factor has been calcul 
by the given formula 

g=C2-8)^/10Dq) 
where ^ - spin orbit coupling constant 
10 Dq - Ligand field splitting energy 

Preparation of Copper Bromide - Copper bromide was prepared by 
meta thesis procedure i.e. by mixing 3.40 gm of cucl2 and 2.4 
of KBr in absolute ethanolic medium. Potassium chloride 
removed by filtration and the filtrate containing copper bro; 
was used for the preparation of the complex 13. 

Copper Iodide 

It was prepared by mixing (10 m mole) of the CuC12 
20 m mole of potassium iodide in the same solvent (abso! 
ethanol). Potassium chloride was removed by filteration and 
filterate containing copper iodide was used for the com) 
formation. 

Copper Thiocyanat e 

It was prepared from potassium thiocyanate and cof 
chloride in absolute ethanol. 

Manganese chloride and bromide were obtained by miai 

I 

the calculated amount of lithium chloride and bromide in the | 


acetate complex. 


1 . ) Analytical Meaaurementa 


The cobalt (11) and nickel (II) and other metals cont 
in the complexes were estimated(14) by EDTA titrimetry ue 
Erichrome Black-T as an indicator and copper (II) content: in 
complexes was estimated lodometrical ly - following stand 
literature method (15) After destroying the organic residues f 
with aqua regia and then with concentrated Sulphuric ac 
Halides were estimated by Volhard’s method and nitrate 
determined as is nitrone salt. The thiocyanate (SCN) 
Sel^nacyanate .XSJECN) ions were estimated as silver thiocyanate * 
Selenium metal respectively. 

2 . ) Physico-Chemical Measurements 

Conductance measurements were done by Elico conduct ivj 
bridge at a concentration level of 10-3 M based on formula weig 
of the analysed complex. 
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CHAPTER-III 


Preparation and Characterisation of Ligands 
CD P-roethoxy Benzyl Thioaemicarbazone 

It was prepared by the reported literature method CI 72 ) 
by heating one mole of thiosemicarbazide in 300 ml. of water and 
20 ml. of glacial acetic acid, a clear solution was obtained. To 
this one mole of p-methoxy benzaldehyde in ethanol was added. 
After refluxation for about two hours on concentration and 
cooling white long crystals were obtained. These were 
crystallised with ethanol, m.p. 170 C (C 9 H 11 N 3 OS). 

(2) Phenyl glyoxal Thiosemicarbazone : - 

Phenyl glyoxal was prepared by the oxidation of 
acetophenone with selenium dioxide as follows:- 

In a 500 ml. three necked flask fitted with a liquid sealed 
stirrer a reflux condenser and a thermometer place 300 ml. of 
dioxane 55.5 g. of selenium dioxide and 10 ml. of water in the 
flask, heat the mixture to 50-55 0/C and stirrer until the solid has 
dissolved. Remove the thermometer momentarily and add 60 gm. of 
2.5 dimethoxy acetophenone in one lot replace the thermometer. 
Reflux the mixture with stirring for four hours, after about two 
hours the solution becomes clear and little further precipitation 
of selenium is observable. Decant the hot solution from the 
precipitated selenium through a fluted filter paper and remove 
dioxane and water by distillation through a short column. Distil 
the residual2.5 dimethoxy phenyl glyoxal under reduced pressure 
from a 150 ml. claisen flask and collect the fraction boiling at 
95-97 0/C/25mm. The yield of pure 2.5 dimethoxy phenyl glyoxal 
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(yellow liquid) is 48 g. this sets to a stiff gel on standing, 
Probably as a result of polymerisation, but may be recovered 
without appreciable loss by distillation. 

The aldehyde is best preserved in the form of the hydrate, which 
is prepared by dissolving the yellow liquid in 3.5 - 4 volumes of 
hot water and allowing to crystallise 2:5 Dimethoxy phenyl 
glyoxal hydrate also crystallises from chloroform, alcohol 
(Rectified spirit) upon distillation under diminished pressure 
the free aldehyde is obtained. Glyoxal thiosemicarbazone is 
prepared by the method given in Vogel (Loc. Cit). 

C3) 4-p-roethoxy phenyl thiosemicarbazone of 2 ; 5 Dimethoxy 

phenyl glyoxal : - 

The Schiff base was synthesised by refluxing p-methoxy 
Benzyl thiosemicarbazone with 2:5 Dimethoxy phenyl glyoxal in 
ethanol in 1:1 ratio in the presence of anhydrous sodium acetate 
and few drops of glacial acetic acid for 3-4 hours. The reaction 
mixture after concentration and cooling gave the Brown colour 
mass, which was crystallised with alcohol m.p. 178 C 
(C19H19N304S) . 

(4) 2-amino-5-chloro Benzophenone was procured from Uilaon 
Lab (U.S.A.). 

(5) N-methyl-S-Benzyl dithio carbazate- 

It was prepared according to a method as described by 
Akbar Ali (4). 
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C6) 0( -N-roethyl-S-Ben 2 yl-p-N- 2 ;5 Dimethoxy C phenyl glyoxal ) 

methyl enedithiocarb&z&te ±z. (C19 H20 N2 03 S2) o( -N-methyl-S- 

Benzyl-p-N- (Orthohydroxy 2:5 Dimethoxy phenyl glyoxal ) 
methylenedithiocarbazate (C19 H2o N203 S2) and C>( -N-inethyl-S- 
Benzyl-p-N( 2-amino-5-chloro Benzophenone) methylene dithio 

carbazate (C22 H17 N3 S2 Cl) were prepared by following the 
reported methid (5). 4.0 gm 2:5 Dimethoxy phenyl glyoxal /2-amino- 
5-chloro-Benzophenone was added to a solution of N-CH3-S- 
benzyldithio carbazate (2.0 gm.) in 95% ethanol (20 ml). 


The mixture was refluxed on steam bath for about half an hour, 
where wpon the yellowish white crystalline mass was formed. It 
was purified by acetone. 


(7) (Sal i cyl idene-O-amino ) Benzophenone; (5-Ilethoxy 

sal icyl idene-O-amino ) benzophenone; (5-Chloro salicylidene-0- 
amino) benzo phenone and (5-ethyl salicylidene-0-amino)-benzo- 
phenone. The abov3e ^chiff bases were prepared by appropriate 


condensation of aldehydes(6) with 0-amino benzophenone by 
refluxing in ethanol or by heating at 180 without any solvent 
followed by recrystallisation from Petroleum ether-acetone. 
Purity of these anils were checked by TLC, and characterised by 
elemental analysis and IR frequencies. 


I . R . Studies : - Spectrophotometer show that a compound absorb 
certain frequencies of radiation, when radiant energy is absorbed 
by a compound. Some feature of structure in the molecule is 
altered in a small but very specific way. Each frequency of 
radiant energy that a molecule absorbs correlates with some 
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particular unit of structure. The IR spectrum does not tell us, 
is the total size of the molecule and number of groups of each 
kind. Each IR absorption consists of a certain breadth of 
frequencies rather than exclusively one frequency and therefore, 
is referred to as an absorption band. 

The infrared spectra of the various compounds are 
given in the tabular form. Some important frequencies are 
discussed . 

The absorption bands at 1380 cm -1 and 1460 cm -1 
represent (C-H) bending vibrations. The overlaping bands in the 
region 2850 to 2980 cm -1 are all due to (C-H) stretching, not 

only are there symmetric and asymmetric stretchings, but the 

CH3,-CH2 and CH groups each have slightly different frequencies. 

The (C-C) skeletal vibrations that might be expected are 
very weak and for unbranched alkanes are barely visible. In the 
spectrum three bands characteristics of alkyl (C-H) vibrations at 
2900, 1460 and 1380 cm -1. Additionally there is an intense, 

broad band at 3350 cm -1 due to (0-H) stretching and a strong, 

rather broad band near 1100 cm -1 caused by (C-O) stretching. 

1 . Vibration due to >C=0 and -CH=N group : - 

Ketonic and azomethine frequencies are appeared at around 
(1680-1700 cm -1) and (1620-1640 cm-1) respectiveky (7-8), as 
medium strong bands, (C-H) bonding modes of Benzene are observed 
as medium to medium sharp bands in the region (1400-1470 cm -1), 
whiTe (C-H) in plane deformations are obserable in the region 


1230-1280 cm -1. 
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'Y' 

2 • Vibrations due to tnercapto (thiourea moiety)- 

The bands observed in the region 1300-1370 cm -1 are 
tentatively assigned (9) to [ *^(0=3) + '^(CN)]. For ')(.C=S') 
different regions ~1400 cm -1 and ~730 cm -1 have been prefered 
by Irving etalflO) and StewartCll), while the region 1000 cm -1 
Yamagauchi ( 1 2 ) . In the present cases bands around 810 cm -1 
( >C=S) along with some overlap in the region (1300-1370 cm -1) 
due to ^(C=S) + ^^(CN) have been noticed. 


3. Vibration due to phenolic (OH)- The medium band 
observed at 1270 cm -1 and 3500 cm -1 in the spectra of some 
ligands is ascribed due to the phenolic (-C-0) and (OH) 
stretching vibrat ions ( 1 3 ) . In some cases broad and weak band in 
the region 2700-2930 cm -1 is also observed and is assigned to 
intramolecular H-bonded OH(14-15) group between hydroxyl hydrogen 
and nitrogen of asomethine group forming a stable six membered 


ring(16-18) . 



Chemical Analysis Data of Schiff Bases. 


c 

0 


V 

V 

r-f 

0 

u 


u 

m 


tn 


u 


m 


t-. fOCOvH 

ntOOst^^oO'a'^IS S^® 

■ • • .nui .•,’»N^Os 

if} %3> r-! rH • • ws J “ * ‘ 

V-/ <*H tH r-< 


CO 

in CS3 
» 

o . 

tH CK 


^ /~v 

t^innoo^ /-s 

OCOt^tHO^^SrHpo.C'^'^ ^ '-' 

• ■ • . o m CO CO m 

OCKuOlDO . • *COCN3THO«3^r-iCXO 

* -O • • « . . • . « 

W w W V J' 


^O'OLnfnotniOd^T^ ^^ ^ 

C^OCOc--CKt-It-Ick2 

• . . . . , . ^’*JCD^'OT-l>Ot^O^OinH3 

nin'«3*'«a'^'c3itn«-j.^***’ •* • * * * » 


'Of^«a*oc^THt^r^^ 'O^T-irOLnf^o^cooc^«3* 
• , * , , , , ^"^cssinroTHiTHincKinr-iinro 

'p^O^O%CKoOOOm,;-»_!^" * * * * • • • • • 

w w w 

V«/ . 


0 

} 

! 

CJ 

4-» 

<D 

+J 

C 

c 

y 

§ 

a 

C! 

X3 

m c c 

a 

r*i 

\ 


•w 

O 

o 


y 

y 

--i y y 

y 

0 

1 

XJ 

X! 

u 

u 

0 

o 

o 

Xf 0 0 

o 

u 

f 

} 

r 

J3 

3 

m 

m 

CD 

u 

u 

ca 

u u 

^ PO CQ 
a; 

u 

CQ 


04 U 

{ 

1 

o 

00 

t^ 

tH 

00 

o 

xf 

U1 

fO 

in 


«q« 

VO 

• o 

1 

t-i 

tH 

tHI 


'-0 


c< 

fO 

O 



1 





■w«l 

r-J 


tH 




Tf 

C 

:3 

OS) 

tn 

CO 

o 

r~\ 

m 

o 

c^a 

to 

00 

o 

«Sf 

to 

o 

/-N 

fs3 

CO 


/~V 

Cl) 


0 

a 

a 

1 

1 

} 

N3 ( 

00 

«Na 

tv4 

ro 

ss 

00 

O 

z 

<S3 

o 

ss 

NO 2 

00 

O 

S2; 

0 

u 

Hll 

H13 

Ov 

tHf 

W 

H20 

p4 

» 

H21 

H17 

CK 

▼-1 

» 

H14 

CK 

r-4 

w 


(C9 

Cll 

(C19 

(C19 

ilD 

»ml 

u 

w 

(C22 

(C21 

(C22 

o 

oa 

U 

w 

(C22 

o 

1 

i fHi 

1 

CSI 

00 


m 

VO 


CO 

CK 

o 


(3.96) 


Inportant IR Frequencies of Schiff Bases 
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CHAPTER - IV 


Structural Studiea on high epin actahedral IronC III) complexea 
with Schi f f bases derived from substituted sal icy 1 aldehyde and 
0-amino benzophenone . 

Introduction: - The chelating properties of Schiff bases 
containing ONS donor sequence are well established. These 
compound possess analytical as well as biological activities - 
Metal hexacyano- f errat es (11) used as inorganic ion exchangers 
(1-2). In column (3) and paper chromatography of metal ions. 
Ferrous chloride required was prepared by Mellor method(4). 
Recent trend in the chemistry of coordination compounds has been 

.t"' 

the search for complexes containing multi metal centres(5-8) and 
their sereening as models of bio^ inorganic molecules. Fe(III) 
complexes of unsaturated Schiff base are having intense dark red 
colour. This colour is usually ascribed to the presence of one or 
more low lying charge transfer bands. Because these very intense 
(d-d) transitions in the visible spectra of such compounds could 
not be observed. Positions and intensities of these bands are 
slightly sensitive to the anions. The electronic spectra offer 
evidence for micro geometry around the central and complexed Fe 
(III) derivative. 

In multidentate chelating agent all donor atoms cannot be 
of equal size and strength therefore- in such an environment, the 
possibility of obtaining the complexes of idealised symmetry 
appears to be remote and the presence of the elements of lower 
symmetry or distortion seems to be a reasonable feature. 
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Distortion plays an important role in biolo£ical and Industrial 
systems. Several-N-substituted salicyldimine (Sal-NR) 
complexes(9) of the general formula C Fe <Sal-NR)2 X U <v;here 
X=C1, Br, CH3C00) have been found to show normal high spin 
behaviour by obeying Curie-Weiss Law(10-1S). In contrast, the 
related C (Fe Salen X) 3 derivatives showed reduced magnetic (13) 
moment ('^5.2 B.M.). These complexes have been found to be dimeric 
in the solid state with approximately square pyramidal geometry 
around each iron atom (14). The lowering of magnetic moment is 
due to weak antiferromagnetic interactions. Recently, Taylor and 
Patton(15) have reported several iron(III) complexes with 
pentadentate ligands involving nitrogen, oxygen and sulphur 
magnetophores , with normal magnetic behaviour. Several square 
pyramidal Iron (III) complexes with an intermediate spin systems 
of temperature independent magnetic moments of about 3.9 B.M. 
have recently been reported (16-17). 

In this chapter we have reported analytical, magnetic 
Infrared and electronic spectral properties of Fe(III) complexes 
with 5-methoxy Sal i cy 1 idene-O-amino-benzophenone , 5-ethyl- 
Sal i cyl idene-O-amino benzophenone , 5-chlor o-sal icyl idene-O-amino 
benzo— phenone and 5— ethoxy sal i cyl idene—0— amino— benzophenone . 

EXPERIMENTAL 8 

A Brownish red coloured complex was obtained by adding 
(0.805 g, 0.005 M) of anhydrous FeC13 and different substituted 
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T" 

sal i cy 1 i dene-O-amino benzophenone (0.01 M) in ethanol. The pH-was 
reised to 6-6.5 by alcoholic ammonia. The whole content was 
refluxed for two-three hours. The content on concentration to 
half of its volume, and on subsequent cooling gave brown coloured 
precipitate. It was filtered washed with alcohol and dried 
completely in hot air oven (temp. 110 C). In the complex Iron was 
estimated by using isiO - phenanth rol ine / EDTA complexomet r i c 
t i t rat i on . 

RESULTS AND DISCUSSION: 

Magnetic Studies : - Five and six coordinate complexes possess 
either D3h (trigonal bipyramidal or square pyramidal georrtetry 
with C4V symmetry. In two idealised symmetries, metal ions can 
assume either a low- or high- spin configuration according to 
whether the energy separation between the two highest orbitals in 


each . 
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Table (4.2) Electronic spectral data and relevant ligand field parameters. 
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Table (4.4) Relevant ligand field Energy parameters in high spin Octahedral Iron Complexes 
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symmetry is higher or lower than the spin pairing energy. 
Experimentally it is found that "Soft" donor atoms such as 
asrsenic and phosphorous give rise low spin complexes. High spin 
complexes areofatained with ligands containing ’hard' donor atoms 
such as nitrogen and oxygen, while donor atoms such as sulphur 
Selenium halogen, thiocyanate, which occupy an intemediate 
position are capable of forming both high and low spin 
compl exes ( 18- 19 ) . The spin state of paramagnetic ions is 
dependent upon the nature of the donors present in the ligand. 
Sacconi has given a comprehensive list cf chromophares and 
predicted the spin state of various paramagneti c ions. Some 
exception rre found in five coordinated complexeds (HO) . High spin 
octahedral complexes possess magnetic moment value close to 5.9 
B.M. because the ground state has no orbital angular moment 
(21-22). The magnetic moment of the complexes under study are in 
the range 5.6S-5.93 B.M., showing their high spin outer orbital 
octahedral stereochemical behaviour. 

Electronic Spectral Studies Reflectance spectra were recorded 
using Mgo as reference. The spectra of all the cofnplexes are 
identical in nature, showing similarity in their structures. Some 
of the bands are of low intensity and band beyond 25000 cm -1 may 
be presumably due to charge transfer. Electronic spectra 
differentiate between the various geometries possible for four 
and six coordinate complexes of d electronic configurations with 
the exception of dO and dIO systems. The five coordinate species 
have distinct electronic spectra but it is generally difficult to 
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dif f erentiate between square pyraiir^al and trigonal Mf^rarnidal 
geoi,.ets ies due to the non rigid naStre of such species C23,2,4), 
Hot,. V El the spectra recorded under the high pressure proved 
of specific use in this direction <^). 

The electronic spectra of hifh spin square pyr®idal and 

trigonal <ji pyr arrsi dal , Iron(II) complexes involving pyriline based 

ligards nave been reported by siveral workers <2S-3e>. The 

tf.>ni.(. stfuctures of five coordinate Irondl) compSexes with 

fT.ac^ ocyci A c ligands resembling porphyrin derivatives C31->3S), 

9 • a. o,,yhfce,Tsuy lobin and deoxymyo<globin , shows three bands with 

G{ siiQuicers in the region 5-20 KK along with two or three 

^ transitions in D3h and C4V s;/ii‘*»etr ies 

peci,i\ ely(33) . in the complexes of macrocyclic lig«6tdSr it is 

ved that the position of the low energy band depeiaSi upon the 

al ligand field strength while higher energy band is priiriatti ly 

“F nder.i. upon the constant in plane macrocyclic liga»#. ?34:^;35) 
field. 

f ecsn^ly, the electronic spectra of number of cauplexes 
w.ih M-iiriyuedentate ligands have been di s cuss©ifsi6>37 ) . 
b.ou.iish ted colour Iron(IIi) complex shows one or low 

ch«r(.e transfer bands around 11000 cm -1 in the iDf ra 
legiOts which has been assigned to ligandi f^ield 

n<38), Iron(Ili) salts hydrolyses by water Ssfc gives 
brown colour solution is not due to ligand field ^nds> of 
H20)6 + 3 but rather to charge transfer band (SSI. 
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Iron (III) complexes under study exhibits band in the region 
12800-15000 cm -1j 18000-19800 cm -1; 23000-26000 cm -1j 
27000-32000 cm -1 and 36000-42000 cm -1, which have been assigned 
to 6 Alg -> 4 T1 g<G) <d-d transition)? 6 A1g -> 4 T2g (G) (d-d. 
transition); t2g -> (charge transfer transition); -> eg 
(charge transfer transition and respect! vely(39-41 ) . 

The transition 6 Alg -> 4 Alg gives directly the values 
of 10 Dq and B. Calculated values of B, C and B35 have been 
r&p!ited in tabular form using the following relationship. 


6A1g->4T1g Dq 

= ^-1.0 or = 1.10 

B B 


C == 4 B and Fe +3 (B-Free ion) 1303. The value of charge 

nsver bands ( yC > t2g) and ( eg — > x) have been 

Calculated using the following relations. 

( > eg)— A = <7^ > tSg) in KK (1) 

( t2g ^ “A 


r 


■> t2g)+(t2g > eg)+(eg 


-7^x) = (^->^x) (3) 


According to miller et.at (42) sum of (-^ — > t2g, ( t2g — >eg) 
and (eg — >^x) in K.K. is equal to energy of the (“^ — > x ) 
transition for one electron molecular orbital. The value of 
(tEg — > eg) is equal to 10 Dq and can be evaluted by figgis 
equation. 

6 A1G > 4 TIG 


B 


24 



observed and calculated values 


for 


the 


transition 


rhe 


[ j: — > 

X ) are in 

A 

the region 

36 - 41 KK 

and 

37 - 42 KK 

respectively. 

which are 

in good 

agreement 

for 

octahedral 


iymmet ry . 


The values 


of^and 


>3 are calculated (43) by the relationship. 


(1 - 

10 Dq 


g = ( 2 


10 Dq 


;here 




ondom-sho r 
;al culated 


observed magnetic moment in B.M. 
spin only value 5.92 B.M. 

A constant depending upon metal ion s 
tley ligand field repulsion parameters 
by low and Resengarton formulation (44) 


tereo-chemistry 
F2 and F4 are 


35 F4 F2 5 F4 

C = and B = ( - ) 

442 49 441 


he free ion value of FE and F4 iron (III) are 80.93 KK and 
0.27 KK respectively, while the corresponding values for 
ron(lll) complexes are in the range 90-105 KK; 59-65 KK 
espectively. Increase in F2 and F4 values are due to expanded 
adial functions of the d-electrons(45) . 

Carlo-Tosi (46) observed very weak spin forbidden 
ransition in high spin outer octahedral iron(III) complexes in 
1e region 28170 - 29150 cm -1 and 37600 - 38750 cm -1, which get 
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splitted as well as ecpected to overlap. In the complexes under 
study bands observed in the range 27200—31500 and 36000-40880 
cm -1 also get splitted as. 


27200 - 31500 cm -1 


. £je ;> 4 


36000 - 40880 cm -1 ? ( “> 


7^3 -> 7^1 


dE(a> > ^(a1 > < ) 

dECe) >*^4)31) ( > 

-> TCsie) >/^4<e) ( '^o(^ > 

-yJ^Siaz) >7p<a1) > 




These splitted band ( + and 

energy and are expected to overlap 


have about the same 


Inf rared Studies 8- Ortho hydroxy benzaldehyde is a Vic - hydroxy 
aromatic aldehyde possess favourable features for the formation 
of stable five / six membered chelate ring with metal ions. The 
large repulsive effect of non polar portion of alkyl group outer 
weights the solubility effect of phenolic - OH group, therefore, 
they are insoluble in common solvents also they melt 
comparatively at high temperature because of intermolecular 
hydrogen bonding. The amine ring substituents do not seem to 
influence either the electron density or the bond order of .the 
azomethine group, possibly due to the orbital overlap resulting 
from the non planar arrangement of the molecule <47) . In 
substituted sal i cy laldehydes and amines the electronic 
interaction betweem the substituent is possible (48). During 
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Electronic spectral studies of the complexes it has been noticed 
that electron donating substituents in the O-amino benzophenone 
moiety and electron with drawing groups in the phenolic moiety 
increases the tendency of intermolecular association. Dudek and 
Dudek (40), on variety of Schiff basses observed that the 
phenolic proton resides predominantly on oxygen in N-aryl Schiff 
bases while N-alkyl Schiffs bases exist in the Cis-Keto form. The 
substituent which ipc-P-ease the basicity of the imine nitrogen or 


the acidity of phenolic proton favours the Cis-Keto form and Vice 
versa (50). 

Present Schiff bases contain phenolic hydroxyl ortho to 
azomethine group, an intramolecular hydrogen bonding between 
phenolic hydroxyl and azomethine nitrogen as well as quinonoid 
formation is possible. A band around 400 nm. observable in the 
spectra of the complexes, suggest possible contribution from 
intra molecular hydrogen bonding as well as 





Fig. (4.1) : I.R. Spectra cf Iron (M) completes. 
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<^Uinonid structures. This largely depends upon 1 
substituents present. Because of Alkyl group there will be higf 
electron density around asomethine nitrogen compared to that 
sal i cyl-aldehyde . The alkyl group has positive inductive eff« 
and there is increase electron density at the nitrogen at£ 
hence phenolic proton will have higher ionisation energy(51), s 
strong H-bonding . In 5-alkoxy sal i cy 1 i dene-O-amino benzophenc 
since ■- alkoxy froup is electron donating, it increases t 
basicity of phenolic oxygen and hence will shield the phenol 
pro'^on. Therefore 5-alkyl salicylidene amino banzopheno 

Iron(III) complex absorb at higher field. It is known that if t 
same charge (positive or negative) on an ions increased it beco 
less stable. The inductive effect of the phenyl ring will be me 
in sal i cy 1-al dehyde consequently it will help in ionisation. A1 
stronger the electron with drawintg effect of the chloro stablis 
the anion due to dispersal of negative charge favouring a hi 
degree of ionisation. 

Some important IR bands of diagnostic importance a 
discussed wich reveals hydroxyl group; azomethine and Ketoh 
^ group as the possible reactive sites. 

(i) Vibrations due to Ketoni c qroupi- The free >C = 0 gro 

in the ligasnds show vibration frequency 1680-1700 cm -1 which i 
complexation get decreased considerably showing the presence 
coordinated Ketonic group (52). A large number of 'transit!; 

r, 



mm^f* (cm^) 
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metal complexes with hetero cyclic Schiff base also reported 
similar type of observastion (53-b6). 

The presence of water of crystasll isation (57) is 
confirmed by the appearance of ^ (D-H) in the region 3600-3500 
cm -1 and (0-H> in the region 1600-1610 cm -1. A coordinated 
water gives-band at ~3E00-3400 cm -1 due to <'0-H) along with 1580 
and 840 cm -1. 

<ii) Azomethine Linkage i- IR spectrum of the free ligand 

exhibit hands in the region <1620-1640 cm -1) which is identified 
as (CH=k4) linkage, and it undergoes a hypsochromic shift in the 
complexes suggesting possible coordination sites<5S). 

(iii) Phenol i c hydroxyl 1 inkaqe The IR spectrum of the free 
ligand, the bands appearing in the region 3000-31000 cm -1 and 

2900 cm -1 have been assigned to >^QH. This band disappear in the 

spectra of the complexes indicating the chelation via 
deprotonation of <CH) Phenolic group. Similar chelates asre found 
in metal Ox imes ( 59-61 ) . Appearance of band *^2900 cm -1 (expec ted 
due to phenolic -Ori group) may be due to intramolecular hydrogen 
bonding be?twe£n the hydroxyl hydrogen cin,:! nitrocien of the 

azomethine group forming a stable six memberc-d ring. Pherclic 
'^(C-O) and £ (D-h ) observed 1270 cm -1 in the free ligand 

shifted to ~ 1340 cm -1 further suggest de, pretonaticn of phes'.ulic 
hydrogen <62-63) . The hypsochromic shift of both these bands on 
complexation suggest coordinat ion through oxygen . 

The <Fe-N) and (Fe-O) modes appear in the region 500-550 
cm -1 and 400-450 cm -1 respectively are in confirmity with 
literature report (64-68). 
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CHAPTER y 

Stereo chemi cal studies on octahedral and square planar 
complexes of copper ( II ) j_ Manganese ( II ) and Uranvl ( II ) with 
5- PiiTiethoxv phenyl q 1 voxal thiosemi car ba zone and 4-p- methoxy 
phenyl thiosemi carbazone of £;5 Dimethoxy phenyl qlyoxal . 
Introduction f - Preparation and characte r i sat i on of molecules 
contaning polyinetailic copper has evoked much interest in recent 
years Cl~6). Binuclear complexes being the simplest of such 
polynuclear centres there has been a steady increase in the 
number and varitety of such compounds studied . The magnnetic 
moments of five coordinate copper (II) complexes are generally in 
the range reported for d9 system in four or six coordinate 
complexes (7-8) i.e. 1.85-2.10 B.M. The magnetic properties of 
copper (II) complexes have been reviewed. (9-11). In general , 
these complexes have been found to obey the curie weiss law, but 
in some cases variation of magnetic moment with temperature has 
been observed (12). The lowering of ^eff, value has been 
attributed to exchange coupling. 

Diverse biological activities have been found in 
compounds having the phenyl glyoxal moiety. Electronic 
configuration <3d5) has the possibility of existing in three 
possible spin states (S= 5/2, 3/2, and 1/2). Complexes with spin 
sextet and doublet ground states give rise to magnetic moment 
corresponding to five unpaired electrons in the range 5.80-6.0 
B.M. Seeveral high spin manganese (II) complexes are known to 
have normal values of The stability constants of the 

chelates of 4-(o-methoxy phenyl) thio-semi carbazide (16) have 
been studied by Saxena et.al. Here we wish to present the result 
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of our studies on copper (II), Manganese (ID and uranyl 
complexes with 2:5 Dimethoxy phenyl glyoxal th i osemi car basone and 
4-p- methoxy phenyl thio semi carbazone of 2:5 Dimethoxy phenyl 
glyoxal. The transition metal ions used in the present 
investigations are also of biological importance (iS). 

Experimental 1. CCu (C11 H13 N3 03 3)311 C12 Dark greenish 
colour preci pitate was obtained by mixing ethanolic solution of 
CuClE. H20 (0.8555 gm. 0.05M)„E.;5 Dimethoxy phenyl- glyoxal thio- 
semi car bazone (0.025 M) dissolved in ethanol in 1:2 ratio. The 
mixture was refluxed for about two hours over water bath and on 
subsequent cooling greenish mass was prepared. It was filtered, 
washed with water ethanol and dried in an air oven. 

2. CCu(C11 H13 N3 03 S)23C12- Alcoholic solution of liquid 
ammonia d do. 88) was dropped to attain pH 6.5 into the reaction 
mixture obtained by mixing 2:5 Dimethoxy phenyl glyoxal thio 
semi carbazone and cupric chlor idedissolved in ethanol in a ratio 
of 1:2 when Buff green colour mass was obtained, after refluxing 
the contents over water bath for about an hour. It was filtered, 
washed and dried as before. 

3. CCU2 (C19 H19 N3 04 S)2jC 14 - Greenish coloured reaction 

mixture was obtained by mixing hot ethanolic solution of cupric 
chloride dihydrate (0.85 g, 0.005 M) and ligand (4p-methoxy 
phenyl thiosemi carbazone of 2:5 dimethoxy phenyl glyoxal ) 
(0.005M) dissolved in the same solvent, and heated over a water 
bath for two hours . The greenish solid obtained was collected on 
a filter paper under suction washed with water ethanol mixture as 


usual . 
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4. CMn (C11 H13 N3 03 S)EC1 Ej — Solution of 2“5 Dirnethox:/ phenyl 

glyoxal th iose^mi car bazone (0.005N) in ethaisoi and MnClE . 4 H20 

(0»98 g . 0.005 M) in ethanol vvater <25 ml) were mixed t^.ogether 

and content was refluxed for about an hour, on a water ba'th. The 

pinkish solid obtained was collected on a filter paper under 

suction r washed with water ethanol mixture and dried. 

5. CMn (C11 H13 IM3 03 S)E (KH2)E0“ To a ethanolic solution 

o f M Ti C i. E » 4 rlS 0 ci Ti d t li e E -s 5 D i jtj e t h o x y p h e n y 1 g 1 y o x a 1 t I’l i o 

s a fid c a r fca., z o n e e w m 1 « o f a 1 c d h c I i c sol u t i o n o f a ram o r? i a., wa vs added 
to attain 6«5 pH. The reaction mixture was stirred and rafluxed 
for 1 Hr. A pinkish mass was obtained, 'filtered and washed -with * 
water 7 and dried unoer vacuo over F-40 10 to forri! the desired 
compound. 

6« CMnE(C19 H19 N3 04 S)E CI4IH” — Light pink colour metal 
complexo was iS‘Slated by refluxing ethanolic soiutioii of the 

MnClE»4 HEO arsd 4-p- [..ethoxy phenyl thio semi car bazone of 2s5 

Dimethoxy pheijyl glyoxal in 1-1 molar ratio for tuo hours. The 
insoluble complex was f.iltered w^ashed with water dried in vacuum 
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S. C 

U2(C;i1 Hi 3 

r43 03 S)£D{f.::!3)E — Yello 

w c D ] 0 u r e d s a 1 i 

d xye X. 

obtaind 

by rfcacting uranyl nitrate l-ieKahydr 

a t f 

CEtSIgiii O' 

.C': wkO 



and 2:5 Dimethoxy phenyl glyoxal thiosemi carbaeone (M=L ; '1:2) in 

ethanol solution, after refluxing the mixture for about an hour. 
9. C (Uo2)2 (C-19 H19 N3 04 S20(N03)4 — Brownish yellow coloured 
precipitate forms after refluxing the mixture containing uranyl 
nitrate hexahydrate and 4-p-methoxy phenyl- thiosemi carbaEone of 
2:5 Dimethoxy phenyl glyoxal in 1:1 molar ratio for 2 hours. The 
product was filtered off, washed with water and finally dried in 


a desiccator over fused calcium chloride. 



. 1) Analytical and magnetic date of Copper (II) Complexes. 
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Table (5.2) Analytical and magnetic date of Manganese (II) Complexes. 
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Table (5.3) Analytical and magnetic date of uranyl ” Complexes. 
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ibis (5.4) Electronic spectralabsorption bands , Tentative assignments and relevant ligand 
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Table (5.5) Electronic spectral absorption bands, and their assignments for Cu (ID /Uoc. (11) 
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Table (5.6) Thermo-analytical data of copper (II) complexes. 
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Result and discussions- 
( a. ) Magnet i c measurefnent studi es- 
Disto rted Square planar with tetragonal distortions 

The magnetic moment value for copper (II) comlewes should 
be close to 1.78 B.M. irrespective of the nature of bonding 
involved however these values seldom provide much information 
about the stereochemistry. Therefore the low effective magnetic 
moment found for CCuCCH H13 N3 03 SSDCIE (1.37- B.M) can be 
cons id-e red due to the formation of dime r i c/ po 1 yme r i c molecules 
which lead to the presence of exchange coupled anti- 
f e r fbmagnet i sem in the complex either (19-22) through (Cu+E - 
Cu+2) interaction or through ligand participation. 

(b) Distorted octahedral compound = - The room temperature magnetic 
moment observed for CCu (C11 H13 N3 03 S)33 C12 (1.91) ; and 

CCu2(C19 H19 N3 04 S)23C14 (2.10 B.M). The value is slightly 
higher than that expected for metal ion containing one unpaired 
electron. This difference in magnetic moment is attributed to 
orbital contribution forming distorted octahedral symmetry. (23). 
Electron i c spectral studies 

(a) Distorted square planar with Tetragonal distortions t- In 

tetragonal geometry three transitions of the position dx2-yE > 

dxy; dx2-y2 dzE and dx2-yE — dzx.dyz, are obserablebut 

generally these transitions over. lap each other giving rise to 
one broad absorptions band. (24) CCu (C11 H13 N3 03 S)23 C12 

exhibit three (d-d) transitions alongwith one charge transfer 
transition, in the visible region and tentatively assigned as 


given below- 



- 94 " 


15300 

cm“"1 

2 

B^g 

> E 

Alg 

(•^1); 

(dx2- y2 > 

d d } 

17750 

C Hr- 1 

2 

B1g 

> 2 

Eg 

r^2.) ; 

(dx2-y2 > 

cixy « dy2) 

20600 


2 

Big 

> 2 

B2g 

(h?3) ; 

(dx2-y2_ > 

■ dxy ) 

23200 cm-1 

The intensity 

of 

> 

the 7 

^1 band 

-> charge 

was found 

transfer band 

to be low as 

«i 

compared 


other two transition <72 andVS). It is reported (25) that 
distorted Cu (II) compleKes exhibit one broad absorption band 
around 14.5 - 15.3 KK regions (26-27). in the above complexes 

transitions similar to distorted octahedral copper (II) complexes 
are observed, suggesting distortion in octaihedral geometry 
(b) Distorted octahedral complexes s 

.if:"’- 

The complexes E Cu <C1 1H13N303S)3 DC12 and 
C Cu2 (C19H19N304S)2 3 C14 exhibits two bands in the region 7000 
- 7500 and 16000 - 18000 cm -1, tentatively assigned to 2 A1 — > 

2 E and 2 Eg — > 2 E transition respectively' as certaning 
distorted octahedral rriicro symmetry of the organic compounds 
around Cu(II) ion. 2 Eg state is highly' susceptible to Jahn Teller 
distortion. Third band which appear as103 a shoulder around 26000 
cm -1 is belived to be a charge transfer band. These bands have 
been assigned to dx 2 . dy '2 — > dx2-y2 and dxy — > dx2-y'2 transitions 
respectively as reported ear 1 i e r ( 28-30 ) TsuchidaC31) and coworkers 
indicated that all the copper complexes in which the 
paramagnetism is partially or completely quenched absorb around 
26000 cm -1. From the above studies it may be concluded that in 
copper (II) complexes, bands correspond to octahedral geometry. 
Further the results are consistent with an octahedral d9 system 
with considerable Jahn-Teller distortion. It is also reported 
that green or blue Cu(II) complexes are tet ra-gonal ly distorted. 
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effect 
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p-Qsitive charge wi 
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T he effective 


cationic charge < 2 x) for the CMn < C 1 iHISNSOSS )2 C123; 


CMnCC11H13N303S)2 <NH3 j 23 and CHrt2(C19H19N304S)SCl43 complexes 
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are found to be 1.4732; 1.5011; and 1.5312 respectively, which is 

considerably lower than the formal +2 oxidation state of the 

metal. The values of Dq and B have beer, calculated by the linear 

relation 6 A1 g - — > 4 Tig ( G ) Dq 

1 : =. 24.00; = 1.1 

B B 


Slater - condon shortley repulsion parameters F£ and F4 are also 
evaluated by the relation. 


F2 


5 F4 

35 

F4 




B ^ 

- 

— 

and C - 

— 

and 

c 

rt- 4 B 

49 


441 

441 




and found 

to 

be 58.71 

? 3S«43 complex 

1; 60 

-92; 

39. 

89 complex 11? 

57.74; 37 

.80 

complex 

III respectively 

wh i ch 

are 

in 

ag r eemen t wi t h 


the previous wo r k ( 35-36 ) . Decreased value of B is considered due 
to an increased distance between electrons and thus an effective 
increase in the size of the orbitals. 

Uranvl complexes. Magnet i c and Electroni c s pe ct ral stude is s- The 
uranyl complexes CU02 ( C 1 1H13N303S )S1 (CH3C00)2; 


i:U02<C11H13N3Q3S>23 CN03)E and (U02)2 C C 19H19N304S ) 23 ( NOS ) 4 
possess magnetic moment veilue of 0.62, 0.74 and 0.86 B.M. 
respectively indicate that the complexes are diamagnetic as 
expected for 5 FO system, although a totally syrrimetric ground 
state has been ascribed to the orbital contribution due to the 
involvement of uranium -5f“ electrons in coor dinat i on (37 ) . 

Diffused reflectance spectra of the uranyl complexes 
exhibits three bands which are tentatively assignedOS) to 19000- 


21000 cm -1 ( 


•^ 1 ) ; 


Transiton with in the Uranyl ions 36000-38000 


cm -1 ( '^)2> ; Ligand — > uranyl(II) charge transfer transitions. 
43000-45000 cm -1 Intra ligand transitions of the organic 

rriolecule or n — -> ^he organic iriolecule. 
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The electronic spectral band around 2000 cm -1 is due to 1 Eg + 
- > 37r Utransition typical of OUO symmetric stretch frequency 
for the first excited state(39). 

The complexes exhibits a strong band at 880—900 cm -1 
characteristic of as <Q=U=0>. The ‘force constant <f) values 
for *9^5 (0=U=0) agree well with the values reported by 

earlier workers<4'1). The (U-Q) bond length has been calculated 
with the help of the equat i on ( 42 ) . R(U-O) = 1.17 + 1.08 f -1/3. 
The R(U-O) in the complexes is in the range (1.17 to 1.19 AO) and 
the values are comparable to those (1.60-1.92 AO) observed for 
some other Dioxouranium complexes (43 ) . The (Q=U=Q) stretch 

occurs in the region 800-830 crri -1. The complex U02 L2 exhibited 
a strong absorption at 260 cm -1 attributable to (U02) bending 
mode. The formation of (M-N) and (ti-0) bonds was further 
supported by the appearance of 9(|vi_|s]) ^^d ')}(M-0) in the regions 

460-540 and 350-440 cm -1 respectively in metal complexes. 

The rmo Gray imet r i c Analys is s- 

Thermo gravimetric analysis has widely been used in the 
determination of structures of various metallic salts and 
complexes (44-45) . By this method stability of the complex and 
hydration of the complex is determined. 

Schemat i c representation of pyrolysis of co ppe r ( II ) compl exes 5 - 
(a) (1) Ccu(C11H13N3033)33 C12 (2) CCu ( C 1 1H13N303S ) 23 C12 

and CCu2(C19H19N304S)23 014. 

‘ 210-340^ 

(1) CCu(C11H13N303S)23 012 > COuCOI 1H13N303S)23 

- 20 1 

430 - 610*C COT 

y y 

- 2 L 
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V 


170-330 

(2) .CCu(C11H13N3a3S>3D CIE > CCu ( C 1 1H13N3Q3S ) 33 

- E Cl 


410-820^ C03 

> C u > C u 0 

-EL 


170-360C 

(3). CCu2(C19H19N304S>E3Cl4 >CCuE ( C 19H 19N304S ) E3 

- 4 Cl 


400-610 "C 


— EL 


Cu 


Cuo 


Frorft the rrnog rav imet r i c curves the horizontal lines indicates 
thermal stability of the complexes upto E10 C with no loss in 
weight, above this temperature a small weight loss was observed 
in the temperature range 2E0-340 C. This may be due to the loss 
of chlorine molecules. By further raising the temperature no loss 
in weight is noticed, this shows thermal stability of the complex 
and strong coordination sites of the organic molecules. However 
by raising the temperature beyond 430 C a heavy loss in weight 
is observed which indicate the oxidation of the organic part of 
the compound into carbon dioxide and water, with the formation of 
metal oxide cupric oxide at the end of the reaction, and no loss 
in mass was noticed beyond 610 C. 

DTA curves show inedium endothermic peaks at 270 and 410 C 
(complex 1); E70 and 390 C complex (II) and E30 and 430 C 
complexdll) and very strong exotherrriic peaks at (490 and 520; 
470, 5E0 C and 490 and 530 C) for compounds 1,2, and 3 
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res pe ct i ve 1 y . These exothermic peaks may account the formation of 
SoE, CDEr and Nitrogen oxide while endothermic peaks at around E-^ 
can be considered due to the loss of chlorine as well as HCL 
molecule, while second peak observed in the range 340 C may be 
subsequently represent the abrupt decomposition of organic 
compound . 

1 . CCu ( C 1 'IH'ISNSOSS) 31] CIS Amount taken -85 mg. Endopeaks- E70 

and 410 C; ExQpeaks-490 and 530 C. 

S. CCuCd 1H13N303S)EI1 CIE Amount taken -110 trig. Endopeaks- E70 

and 390 C. Exo peaks- 470 and 5S0 C. 

3. CCuE ( C 1 9H 1 9N3Q4S ) SH C14 Arriount taken —80 trig. Endopeaks — E30 

and 430 C; Exo peaks -490 and 530 C. 

Manganese < II ) complexes ?- 

{b) (1). CMn(C11H13N303S)E. CiEO (S). CHn ( C 1 1 H 13N303S ) E (NH3)SD 

(3). CMnS(C19H19N304S)E 0143 

The horizontal line on (TG) came upto 180 C shows the 
thermal stability of the complexes. Poor thermal stability of the 
corriplexes is due to weak coordination sphere. This also suggest 
the absence of bridging of halogen moieties between the manganese 
ions in a single complex molecule. Small weight loss are observed 
in the temperature range 140-300 C, indicate the liberation of 
ammonia and chlorine miolecules. Further heavy loss in weight was 
reported above 415 C, showing combustion of the organic part of 
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the molecule in presence of oxygen to form the oxide !in203. This 
may be contamineited with higher oxide Mn304 also. 

DTA curves show endothermal effect at 160 , 205 and 435 C, 
showing liberation of ammonia, chlorine molecules and 
decomposition of organic cottipound. At higher temperature some 
exothermal peaks are observed in the range 410-5S0 C, exhibiting 
the combustion of the complex organic part, with the formation of 
C02, H20 etc. 

^ Schematically thermal decomposition is given below:- 

40- '1800^ 

•1. CMn{C-1 1H13N303S)2 C12 > TMn ( C HHISNSOSE-) ) 2 C12D 

A'' 

•140 -370 C 410 - 600 

CMn<C11H13N303S)2 C12 > CMn ( C 1 1H 13N303S ) 2 > 

- 2 Cl -2 L(0) 

Mno > Mn203. 


CMn(C11H13N203S)2 (NH3)25 > CMn ( C 11H 13N303S ) 2 (NH3)E5 

40-180 C 

210-370 410-620 C 

> Mn (C 1 1H13N303S)2 > Mno > h1n2Q3 

- 2NH3 COJ 

40-160 

CMn2(C19H19N3Q4S)2 C14D. > 


EIO-S/'O 

CMn2<C19 H19 N3 04 S)2C43 

-4C1 


Mn203 


^ c ^ Uranvl (II) complexes 

( 1 ) . CU02(C11H13N303B)23(CH3C00)2 (2) . CU02 ( C 1 1H13N303S ) 23 ( N03 ) 2 


> CMnE (C19 H19 N3 04 S)23 

{ 

t 

I -2L(0) 

I 

1 

I 430-600 C 
< Mn 0 


(3) . [;(U02)2(C19H19N304B)23{NQ3)4 
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From TG curve the thermal stability of the uranylCII) complexes 
is shown to be upto 180 . Then some weight started losing upto 
S15 C, may be due to liberation of gas molecules like CIS, NOS, 
etc. The horizontal platev in the temperature range SSO-380 C 
clearly show the thermal stability of the complexes. The heavy 
loss in weight between 430-640 C indicate the decomposition of 
coordination sphere to form COS, HSO, and ultimately U308 uranium 
sesqui-oxide , which is most stable oxide of uranium. 

DTA curves of the complexes show endothermal peaks at S30 
and 460 (complex I) and E10 and 440 C complex (II) and S10 and 
410 C complex (III) respectively, where as exothermic peaks are 
observed at around 400 ; 460 ; 5S0 (I); 400, 470, 500 C (II) and 
400, 5S0, 540 (III) shows the decomposition of organic part with 
the formation of U308. Schematically representation of Pyrolytic 
behaviour of uranyl complexes given below:- 


40-170C 

1. CUDS (C11H13N303S)Sj (CH3C00)S > CUDS ( C 1 1H 13N303S ) S3 

170-300 330-6Eck. COD 

(CH3C00)S > U02(C11H13N303S)S > U03 > U30S. 

“~(CH3C0u)E ““ HL 

40-170j 

S. CUDS (C11H13N303S)S3(N03)S >CUOS ( C 1 1H13N303S ) S3 ( NOS ) 2 

170-300 330-620^^ COD 

> UQS(C11H13N303S)S > U03 > U30S 

- 2N03 - SL 

40-170C- 


3. C(U02)S (C19H19N304S)23(N03)4 >C ( UQS ) 2 (C 19H19N304S ) S3 

170-300®i 330-620*®- COD 

(N03)4 >C(UQ2)S(C19H19N304S)SD > U03 > U308 

The complexes exhibit high thermal stability and get 
decomposes only above 180 C, indicating absence of absorbed 



moisture or latti^qe water (46). Exothermic peak at higher 
temperature may be due to decomposition of the organic ligand and 
subsequent slow ox idat i on ( 47 ) . 

Infra red s pe ctral studies i- 

Ci> Cu(II) complexes- CCu ( C 11H13N303S ) 3D CIS and 
CCu (C11H13N303S)S D CIS The coordination sites of the ligand 
involved in coordination with metal ion have been as certained by 
comparing the spectra of the complexes with parent compounds. 
SofTie irriportant frequencies diagnostic of chelation with the metal 
ion h^ve been discussed here. Phenyl glyoxal th i osemi car bazone 
show intense absorptions at 3400, -1635, 1350, 1690 and 810 cm -1 

whicft may respectively assigned to (NH) stretch, V(C=N) and 
•OcN-H) bonding, '^(C=S) + ’^(C-N) > C=0, and i)(C=S), the 

corresponding bands are observed in the spectra of Cu complex at 
1600 cm -1 and 1630 cm -1. Thus the negative shift in (CH=N) and 
> C=0 suggest coordination through the azomethine nitrogen (48-49) 
and ketonic oxygen. Further the band at 810 cm -1 due to > C=S 
remain unaltered in chelation suggesting non par t i c i pat i on of 
Thiolgroup. 

Therefore phenyl glyoxal thiosemi carbazone seems to 
behave as bidentate ligand and the coo rd inat i ong sites are 
azomethine nitrogen and ketonic oxygen atoms. Lowering in the 
frequencies of -CH=N and > C=0 are due to the drainage of 
electron, from Nitrogen and oxygen atom in chelation, which in 
turn weaken the bonds. 

The non ligand bands appearing in far IR region in the 
spectra of the complexes, have been assigned to ’l/(M-0) and ">)(m-N) 


modes (50-51 ) . 



Table <5.9) IR spectral assignments of Cu (ID complexes of (C11 H13 N3 03 B) 
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(ii) C CuE (C-^H19N304S)E 1 C14 - 4-p- rnethoKy phenyl 

thiosemi car basone of phenyl glyoxal behave as Tetradentate 
ligand, and the coordinating sites are >C-Q, -CH=^N, >C=S and 

-CH=N. A sharp band at 1630 cm -1 (CH=N) of the compound indicate 
the coordinait ion because this frequency considerable reduces on 
compl e xat i on ( bE— 53 ) . The sharp to medium broad absorption bands 
observed in the region 3200-3400 cm -1 due to (NH) remain 
unaltered in complex spectra. A single >C=0 band observed at 1700 
cm -1 in the spectra of the ligand suffered a negative shift of 
60 cm ”1 in the spectra of the complex, indicating coordination, 
through ke^tonic oxygen atom. Satapathy and SahOQ<54) reported two 
(C-t4) bands at 1613 a!;d 1595 cm -1 in case of Fei. II.) complex 
but we oi served o’u? band at 1600 cm -1 which suggest coordination 
of both the group. The coordinati ;:-n through both the 

azomethine group is further supported by shifting in the 
frequency of (h‘— N) in compl exes ( 55 ) . 

The band appearing at 1EE0 and S15 cm~1 assigned to (C=S) 
stretching vibr.ation is susceptible to coo rd, ina.t i ors . In metal 
complex it shifts to lower frequency ii'l 1170 cm -1 showing 
coordination of sulphur atom with metai ( 56 ) . 

Other bands noticed in the spectra or ligan'us at 700, 740 
cm -1 shift in ars irregular v-ay in the matal complexes, whxch 
probably arises d;. e to out of plane CH-bending absorption ...if the 
benzene "'ingd'?). 

Absorption observed in the far infra, red regie -is have 
been assigned to ^^(M-O) 490 cm -1, '^(H-N) 500 ctsi -1 and cn. -1 

^(M-S) bonds. Such assignments have al ■ o been rt portc ’ by 
earlier workers<58). 



-107- 


In some cases high frequencies for (M-S) may also be ex pe cted( 59 ) . 

The (NH3) stretching frequency observed at 3205 and 3140 
cm -1 can be assigned to symmetrical stretching vibrations of NH3 
molecule . 

Thus on the basis of IR studies it may be concluded that 
the ligand act as tetradentate and the coordinating sites are two 
azomethine group, one>C=0 and one C=S group. 

Manganese ( II ) complexes s- CMn ( C 1 1H13N303S ) 2 C123; 

CMn (C11H13N303S)2 (NH3)23 CMn ( C 19H19N30^i S ) 2 C143 The tentative 
assignments for IR absorption bands in the range (4000-400 cm-1) 
for Mn(II) coiTiplexes are based on the corresponding compounds 
(60-62). 

In (C9H9N30S)-Mn < II ) complexes the sharp band at 1635 cni-1 
(-CH=N) shifts to lower frequencies at ~ 1600 Cfri-1 in the 

complexes showing the coordination through nitrogen atom, similar 
observations are reported earlier(63). 

Further a band at 1690 cm-1 due to >C=0 is shifted downward in 
their complexes by 20-30 cm-1 indicating that the oxygen atom of 
ketonic group involved in coordination. 

The bands at 12S0 and 810 cm-1 in free ligand are probably due to 
^/{C=S). Besides these bands a week band 2500 cm-1 due to (SH) 
is also noticed in the spectra of free ligand. This is probably 
due to the presence of Thioenolic form in the ligand which on 
complexation does not shift either upward or down ward, showing 
it does not take part in chelat ion (64 ) . 

In (C19H19N304S) -Mn(II) complexes the band at 1635, 
1360; 1700; 805(1280) have been assigned to *^CC=N) ; N^CC-S+CN) ; 
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> C=0 and > C=S grouping on complexat ion the frequencies of >C=Qr 
-CH=N and > C=S grouping changes considerably. It is observed 
that coordination of sulphur considerably lower (C=S) stretching 
frequency due to the drainage of electrons from the sulpher in 
chelation which in turn weaken the (C=S) band(68-67), suggest 

coordination of the metal ion through sulphur atom of the >C=S 
group. 

All the ligands show two ^(N-H) bands at 3400 and 870 
cm-1 wtiich do not undergo any apprecicsble shift on complex 
formation, indicating non coordination of (NHS) group. 

In the far infra red region, the complex show new bands 
located in the range 480-400 cm-i are tentatively assigned to 
and ^(M-S) stretching v i brat i ons ( 68-70 ) . 

Brown and Kubota(71) reported different regions of ’/(M-X) , 
where X=Cl/Br, depending upon the stereochemistry around 
coordinated metal ion. In octahedrsd and tetrahedral complexes 
'>/(M-Cl>, frequency found around 250-EOO cm~1 and 350~E60 cfri-1 as 
reported in 1 i te rat ure (7E-73 ) . It is observed (74-75) that the 
complexes having only one coordinated halogen the stretching 
frequencies (M-Cl) are intermediate between those found in 
tetrahedral and octahedral complexes. The complexes show one weak 
broad band at about 400 cm-1 which is assigned to (M-Cl ) bonds. 
Uranvl Complexes - !:UOE( Cl 1H13N303S )23 <CH3C00)E; 

CU02(C11H13N303S)E3 <N03)E; CUOE ( C 19H19N3D4B ) 23 (N03)4 On 

comparing the spectra of free ligands and the complexes, 
considerably reduction in the frequencies of >C=0, -CH=N; and 
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>C=S have been noticed. This show these are the active sites of 
participation in compl e;-;at i on ( 76-77 ) . Further the directions of 
the shift in the positions of all the bands in the spectra of the 
complexes are same, suggesting similar stoichiometry. 

New bands appears in the far infrared region inthe 
spectra of the complexes, assigned to '^(M-N); and 

V i brat i ons ( 78 ) , 
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ChaptT-VI 

ftnd •p>ctro«copic »tudi«« on cubic high gpin Ni C 1 1 ) gnd 
Co (ID cotnpIeKes with 0,N,S donors . 

Introductions- The transition metal Schiff base chelates derived 
from tetradentate or faidentate Schiff bases have been extensively 
studied (1-2). Some square planar complexes of C4V symmetry have 
been discussed in recent years. (3) The composition protonation 

constants of Schiff bases (4) complexes of Ni (II), Co (II) have 

\ ' 

been determined by Irving Rossotti method (5S)|' 

Nickel (ID complexes have been found to exist both in 
low and high spin states confirming to trigonal bi-py rarriidal and 
square pyramidal geometries. Square pyramidal nickel (II) 
complexes with 3 B1 ground level are expected to produce a spin 
only value for magnetic moment. However this level is mixed with 
the excited E- levels, through spin orbit coupling. Detail of 
spin orbit coupling has been dealt by Gerloch etal; (6) to 
account for the magnetic properties of square pyramidal 
complexes . 

A number of complexes have been reported with 0- 
aminobenzoic acid which exhibits diverse type of coordination 
with different metal ions (7). Mehrotra and Coworkers (8) have 
extensively studied the reactions of alkoxides of titanium (IV) 
and zirconium (IV) with sal i eylaldehyde Effects of different 
anions on the structure of some- mixed ligands complexes of 
transition metal ions with various amines have been reported by 
Shukla etal (9) . 

In this chapter it is proposed to calculate different 
ligands field parameters using Konig equations of Octahedrally 


1 
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coordinated as well as square planar transition metal complexes 
of Ni (ID d8 and Co (II) d7 with Schiff base type ligands namely 
S.5 Dimethoxy Pheny 1-glyoxal thi osemi car bazone and 4-p-methoxy 
phenyl thio-semi carbazone of 2.5 Dimethoxy Phenyl glyoxal 
obtained through the condensation of 2.5 Dimethoxy Phenyl glyoxal 
and thiosemi carbazone . 


EXPERIMENTAL 

Preparation and Isolation of nickel ( II ) complexes 

1. CNi ( C11 H13 N3 03 S>3 C12 - ABrown coloured mass was 
obtained after refluxing NiC12. 6 H20 (1.18 g. 0.05 M) and 2.5 
Dimethoxy Phenyl glyoxal thisemi carbazone 0.01 M (1S1) over steam 
bath , after cooling Solid brown coloured compound separated out. 
It was filtered washed and dried under vacuum over fused 
anhydroys CaC12. 

2. CNi (C11 H13 N3 03 S)2 (NH3)23 C12 - To a 1.1 ethanolic 
solution of ligands and nickel chloride was added few ml of 
liquor ammonia to raise the ph 6.5 of the mixture. The content 


was refluxed 

for 

1-2 

hours when yellowish 

green mass 

was 

obtained. It 

was 

collected on buchner 

f unne 1 , 

and then washed. 

dried over P4010. 






3. CNi 

(C11 

H13 

N3 03 S>2 (N03)23- It 

was prepared 

by 

reacting an 

ethanol i c 

solution of Ni 

(NQ3)2. 

6 H20 an d 

the 


ligands in 1*2 stoichiometric ratio, after refluxation for about 
an hour greenish coloured mass appeared . It was filtered washed 
with ethanol and dried in vacuo. 
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4. CNi(C11 H13 N3 03 S)2(HH0>S3 S04 - It was prepaed (brown 

colour) by mixing ethanolic solution of NiS04.7 H20 and the 

ligand in stoichiometric ratio (1:2) after refluxation for about 
an hour. The adduct was filtered, washed and then dried in air 
oven at 80 C. 

5. CNi2 (C11 H19 N3 04 S)2 3 cl4 — Dark brown coloured mass 
was obtained by reacting ethanolic solution of NiCi2. 6 H20 and 
4-p-methoKy phenyl-thiosemicarbazone of 2.5 Dimethoxy phenyl 
glyoxal in required stoichiometric amount 1:2. After refluxation 
and cooling, coloured mass was filtered, washed and dried in air 
oven at 80 C. 

Cobalt ( 11 ) complexes 

1. CCo (C11 H13 N3 03 S)33 C12- The brownish blue coloured 

precipitate was obtained by reacting CoC12. 6 H20 and 2.5 

Dimethoxy phenyl glyoxal thiosemi carbazone dissolved in ethanol 
in 1:3 stoichiometric ratio. It was digested on water bath for 
nearly one hour, and cooled, gave brownish blue mass. It was 
filtered, washed with water and dried. 

2. CCo (C11 H13 N3 03 S)332 H20 — To the above prepared 

complex dissolved in ethanol, few ml of liquor ammonia was added 
to raise the pH"“ 6.5, when violet brown colour mass was obtained, 
after refluxing the contents for about an hour. It was filtered 
washed and dried. 

3. CCO (C11 H13 N3 03 S)33 (N03)2 - By following the above 
procedure dark brown coloured precipitate was obtained. It was 
treated and collected in the usual manner. 




4. CCo (C19 H19 N3 04 S) C123 - Bluish green coloured 

compound was prepared by mixing CoClS. 6 H20 (1.18 g, 0.005 M) 
dissolved on ethanol and 4-p-methoxy phenyl th i o-semi car bazone of 

2.5 Dimethoxy phenyl glyoxal in the same solvent in 151 

\ 

stoichiometry. Contents were refluxed for about an hours, giving 
the required compound, It was filtered, washed with water, 
ethanol and dried in air oven at 80 C. 

5. CCo <C19 H19 N3 04 S)(NH3)2I]- Ammonia derivative was 

obtained by adding ethanolic liquor ammonia to the above 
compound, by maintaining the pH'^ 6.5. After raising th pH it was 
refluxed for about an hour, filtered, washed with water, ethanol 
and dried air oven at 80 C. 

6. CCo (C19 H19 N3 04 S ) (CH3 C00)2D-it was prepared by 

heating and then digesting the mixture containing ligands 
(O.OOSmol) and cobalt acetate diyhdrate (0.005M). On water bath. 
It was filtered washed with ethanol and dried. 

7. CCo2 ( C19 H19 N3 04 S)2 C14 3 H20 -The greenish solid 

metal chelate was synthesised by refluxing a mixture of cobalt 

chloride hexahydrate (0,01 M in 10-15 Ml ethanol) and the ligand 
(0.01 M in the same volume ) for 2 hour on water bath. On 
concentrating the mixture the coloured mass obtained was 

filtered, washed with ethanol and dried. . 

Results and discussion*— Analytical, magnetic, electronic 

spectral data and IR are represented in tabular forms. 

Nickel (ID complexes - The magnetic moment value for 

CNi(C11 H13 N3 03 S)3 C12 (0.28 B.M. ) points towards diamagnetic 


character of the complexes with square planar stereochemistry of 
the ligand around nickel (II), ion while other Nickel (II) 
complexes, namely CNi (C11 H13 N3 03 5)2 (NH3) 2 1 C12 (2.94 B.M.) 
CNi (C11 H13 N3 03 5)2 (Na3)23 (3.00 B.M) CNi (011 H13 N3 03 5)2 

(H20)2 504; (3.52 B.M.) and CNiB (C19 H19 N3 04 5)2) 1 C14 (3.24 

B.M) corresponding to two unpaired electrons, reveal ing( 10-12) 
high spin octahedral stereochemistry around(13) Ni (II) ions. 
Magnetic moment values are in fairly good agreement with the 
values calculated by substituting the expeimental quantities. 
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Table (6.5) Relevant ligand field and 'N3H' Energy perameters for Ni (11) octahedral complexes. 
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Table <6.7) Electronic spectral data and calculated transition energies of the spin allowed bands 
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(6.8) Electronic spectral data and calculated transition energies of the spin allowed bands 
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Table (6.1®) Energy parameters for Cobalt (II) Complexes. 
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> 


10 Dq, and \ in the relationship ^ff = ^s-o (1- — ~ ) 

10 D.q 

jXso is Spin only value (2.84 B.M.) and spin obrit coupling 
constants value < calculated from spectral data. Higher 

value of magnetic moment in the complexes can be explained on the 
basis of octahedral symmetry involving high degree of orbital 
contribution due to three fold orbital degeneracy of 3 A2g 
ground state. 


Electronic Spectral Studiess- 

Electronic spectra of C Ni (C11H13N303S)2 □ C12 complex 
show sharp absorption bands around 17600, 21230 and 24127 cm -1 
which are tentatively assigned to 1 Alg — > 1 A2g ( 1 ) ; 1 A1g — > 


1 Big ( »2) and 1 Alg — > 1 Eg ( r 3) transition respectively 
favouring square planar geometry ( 14) . The maxima of Z band of 
the complex represent the magnitude of crystal field splitting 
i.e. the energy separation between d (x2-y2) and dxy 
orbitals ( 15) . 

The five degenerate d-orbitals of the metal ions splits 
into four defferent levels of symmetries ( 16) . big <dxE-y2); bEg 
(dxy), eg (dxz, dyz ) and alg (dz2) and related to three different 
parameters A 1, As and A^, depicted in figure. Values of 
different ligand field parameters Al, A 2, A 3 have been 
calculated by the relationship using F2 = io F4 = 600 and 10 Dq = 
( *9l + 3.5 F2) where ll^l is the first <d-d) spin allowed band and 
B and C are taken as 700 cm —1 and 3700 cm —1 respectively. 


132 - 


E 

E 

E 


( 1 A1g > 1 A2g ) ( 

( 1 A1g > 1 B1g ) ( 

( 1 A1g > 1 Eg ) ( 


^ 1 ) = Al - C 
3? 2) = Al +A 2 
3) = A 1 +A 2 


- ( 4B +C) 

+ A 3 ) - < SB + C) 



b1g (x2 - y2) 


b2g (xy) 


eg (xz.yz) 


a.g {z2) 


Fig - Metal ( d) orbital energies for typical Nickel ( II ) sguare- 
planar complexes ■ 

The calculated values are in asgreement with the reported 
value for square planar geometry ( 17-18) . 

Ni ckel (II ) Tetragonal Iv distorted Octahedral complexes s- 

The electronic spectra of the solid complexes in Mgo, are 
very similar, showing similarities in their structures. Three 
bands are observed in the regions 8900-10600, 14000-17000 and 

24000-27000 cm -1 which are assigned to the 3 A2g > 3 T2g (F)j 

3 A2g > 3 Tig (F) and 3 A2g > 3 Tig <P) vibrations. 


m 


respectively in the spectra of Ni <H) compleKes. In addition to 
these bands a weak shoulder in the range 12000-12600 cm -1 has 
also been observed which may be considered the split components 
of 3 T2g. The band positions suggest the octahedral geometry of 
the six coordinate compl exes ( 19-20) . 

On the basis of the band positions magnetic morrients and the 
calculated values of ^2 / "i^l, 10 Dq, B and ^ using different 
procedures (a) (b), (c) and (d) have been calculated. It was 
noticed tha only procedure <c) gives the best fit results, which 
further confirmed octahedral symmetry around Ni(II) complexes 
<23-24). The Racah parameter values have been found to decrease 
of the free ion value (1040 cm —1). This could be due to 
distortion of the octahedral symmetry in the complexes. 


■^2 / '?1 and ^3 / ^ \ 


The higher values of ^2 / Y1 and V3 / y2 clearly 
suggest considerable tetragonal distortion from octahedral 
stereo-chemistry in a cubic field. It arises due to splitting of 
first absorption band(1) as 3 Big — >3Eig<~9400 cm -1) and 3 Big — 
3 B2g ('^12500 cm -1). The transition {»2) corresponds to DqL and 


separation of VI and V 2 is to the 1st order, 35/4 dt . Where Dt 
is related to the inplane and out of plane field strengths Via 
Dt = 4/7 C Dqxy- Dqz)3 where Dq(xy) and Dq/z are inplane (xy) and 
out of plane (z) field strengths respectively (Dqxy = DqL) and 
Dq/B= 2.45; The redial parameter has been calculated from the 
splitting of - 


separation 


4 T1g 


(F) 


^ A2ga 
4 Egb 


(V4) ; 
<V3) j 


< - 4 DS + 2 Dt) 

( + 2DS + 3/4 Dt) 


( 6 DS — 5 Dt/4 ) with the combind use of crystal<25> field and 

normalised spherical harmonic Hamiltonian NSH parameters (26) 
equatorial field strength DQE and AKial field strength D(3A have 
been calculated. The results suggest the higher field strength in 
Xy - plane (27) . 

Equatorial and axial field strength are ralated by the equations- 
Dt = 4/7 C Dq (xy) - Dq (z2) 1 (i) 

DQ = ^JsT C 6 Dq(xy) - 3.5 Dt 3 (ii) 

DT = 3.5 Jl5 dt (iii) 


Cobalt ( II ) complexes » — ( Magnetic Studies) The magnetic moment 

of the Co (II) complexes (4.78 — 5.20 B.M. ) are close to the 
value required for octahedral structure. Due to the incomplete 
quenching of the orbital contribution to the magnetic moment and 
mixing of orbital contribution to ground state 4 T1 g, both by 
spin Orbit coupling and by the magnetic field the value of 
Lande’s splitting factor(g’) decrease from 2.00 to 1.85-1.87 in 
the present complexes (28) , (g) is related to Dq by 

4X0 

•(g) = 2 (1 - ) 

10 Dq 

where is spin orbit coupling constant which is 172 cm -1 for 

free cobalt (II) ion. 


Electron! c Spectral Studies i- The reflectance spectra of CodI) 
chelates consist of three bands in the region (8000-10000 cm -1)f 
(18000-20000 cm -1) and (21000-23000 cm -1) which can be 
assigned to the transitions. 

4 T1g (F) > 4 T2g (F); 4 Tig (F) > 4 A2g (F) and 4 T1g (F) 

> 4 j-ig (p) respectively. The lowest and highest energy bands 


can therefore, be assigned as the v 1 and 


n) 




transit ions 


while the middle one may be considered to arise either due to 






splitting of >3 band or may be due to the appearance of V 2 
transitions(E9) . 

These bands suggest tetragonal distortion stereo chemistry for 
the Co (II) chelates (30) . Using these transitions and the Konig 
equations for d7 ion different values of the ligand field 
parameters have been evaluated. The ratio and Z / are 
found in the range (2.0-2.27); (1.90-2.01) respectively which lie 
with in the licriit reported for tetragonally distorted octahedral 
cobalt (II) complexes (31-32) . Different values of Dq , B, p also 
confirm the sarrie geometry (33) . 

IR Studies s- The structurally important IR bands like '^^(C=0) 
■>)(-N=N); “^ ( >C=S); V(CH=N); V(M-O) and V(M-N) have been 
assigned which throw light on structural features of the 
complexes . 






The sharp bands at 3400 'Y as NH2 and 3320 (^S-NH2) cm -1 
in the IR spectrum of the ligand remains more or less unaltered 
in the complexes indicating non participation of the terirdnal - 
-NH2 group in coordination. 



Table (6.11) Tentative assignments of frequencies in cm-1 of Ni (II) Complexes. i sFOs'llu 
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Coordination through Thio Keto sulphur 

Absorption bands at 1370, 1220, 805 and 710 cm -1 have 

been assigned to CS' stretching frequencies. Similar assignments 
are made ear 1 ier (34-38) . These vibrations are lowered in the 
spectra of (C19H19N304S) complexes under study indicating 
involvement of s-atom in the complexat ion . In (C 1 1H13N303S) 
complexes the frequency due to > C=S modes remain unaffected, 
showing its non involvement in chelation(37-38) . The position of 
new band at 660 cm -1 in these complexes suggest the presence of 
(C-S-M) bonding(39-40) . 

Coordination through azomethine Nitrogen 

The qualitative difference between the IR spectra of the 
free ligand and the complexes are discussed with a view to 
ascertaining the mode of attachment of the ligand to the metal. A 
band at 1635 cm -1 (C 1 1H13N303S) and 1630 cm -1 (C 19H19N304S ) in 
the free ligand spectrum suffer a negative shift in the complexes 
suggesting coordination through azomethine nitrogen (41 ) . The 
spectra of the ligand and complexes show sharp bands around 1110 
cm -1 which may be assigned(42) to 0^(NH2) + P(NH2) 

Coordination through carbonyl oxygen 

Infra red spectrum of the free lignads show strong 
frequencies at 1690 cm -1 (C 1 1H13N303S) and 1700 cm -1 
(C19H19N304S) due to the Keto carbonyl, which on complexation 
show downward shiffs (20-50 cm -1) indicate coordination by the 
carbonyl group (43-45). 


Warn ienaik ( Mtcf^s) 
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Far infra red spectras- The presence of coordinated water 
molecule is shown(46) by the occurence of broad band near 3400 cm 
-1 followed by two weak bands at ~ 860 and ~ 770 cm -1 assignable 
to OH stretching rocking, and wagging vibrations 
respectively(47) . 

In order to ascertain the nature of nitrate, whether it act as 
mono or bidentate in the compleKes, a comparative study has been 
made. The complex C Ni (C11H13N303S)2 <N03)2 3 show bands at 1380 
and 1370 cm -1 revealing the presence of NQ3 group. 

The absorption at 1450 and 1240 cm -1 have been assigned to 
'^1(N0) and ‘\/4(N02> asymmetric stretching respective 
vibrations<48-50) , which inferred the presence of monodentate 
nitrate group in the complex. 

Spectra of the complexes are very similar showing 
similarities in their structures. The bands appearing the far 
infrared region which have not been found in the spectra of free 
ligands have been assigned to V(li-N) 3^(M-C1) and 

vibrations(51) . The appearance of metal chlorine stretching 
frequencies in the region 280-270 cm -1 also supports the 
octahedral stereo chemistry of Ni (II) and Co (II) complexes (52- 


59 ) . 
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CHAPTER - VII 

SYNTHESIS AND STRUCTURAL STUDIES OF SOME TRI AND DIVALENT 
C r ( 1 1 1 ) Mn < III ) , Co ( III ) and Vo ( II ) complexes of Schif f Bases . 

Int roduct ion i- Chelating properties of certain antimicrobial 
agents with metal ions enable a broad under standing about the 
mode of their action, especially when metal chelation affects 
their biological activity chelation with metals ions may result 
on either enchanging, stabilsing or abolishing the bioactivity of 
these :agents (1-3). Schiff base complexes has attracted a great 
deal of attent ion , they find use as algaecides (4-5)and plant growth 
regulators .6. Dodwad et.at(7) have made solution studies of Schiff 
base complexes with Oxo-cations. Dubsky et.at(8) have reported 
coordinated polymers of polymeric Schiff base. Polymeric Schiff 
bases with long chain and high molecular weight were prepared by 
A5pey(9) and also by Marvel et.al(10) Magneto chemi st ry of <d3) 
Chromium (III) both for square Pyramidal and trigonal bi pyramidal 
have been discucussed by WooddD. The magnetic moments for five 
coordinate chromium (III) ions generally correspond to three 
unpaired electrons ( 1E-13) . The lowering of magnetic moment is due 
to weak antif erromagnetic interactions Manganese ( III ) generally 
forms high spin coitiplexes and values of magnetic, moment 
correspond to four unpaired electrons (S=2) in the range (14-15) 
4.90-5.10 B.M. The main cause of this lowering has been 
attributed to antiferromagnetic interactions in dimeric com 



A small lowering (0.1 B.M.) of the magnetic moment may 
due to lowering of symmetry and spin orbit coupling, in 
cases values of have been found to be anion 


dependents 16 ) 
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Electronic spectra ’generally used in distinguishing the various 

possible geometries for four and six coordinate complexes of 

various d electronic configurations, with the exception of d 0 

and d10 systems. Five coordinate species have distinct electronic 

spectra, but it is generally difficult to differentiate between 

square pyramidal and trigonal bi pyramidal geometries due to the 

non rigid nature of such species. A number of reviews have been 

devoted to coordination chemistry of Schiff base metal complexes 

<17-21). The ligand field strength of sulphur has been found to 
% * 

vary more than that of any other donor atom(EE-23) . This is 
probably due to the variation of bonding effects according to 
whel^er the sulphur has two or three lone pairs as in thioketones 
> C=S or mercaptide ions R-S' which allows ample scope for (M-S) 
T bonding. As a part of our study in search of some new Schiff 
base complexes with possible biological activities we report here 
the preparation and characterisation of vanadyKII) 
chromiumC III ) , Manganese ( III ) and cobalt(III) complexes with o( “ 
-N- methyl -S- Benzyl -|M- 2:5 Dimethoxy (Phenyl glyoxal) 

methyienedithio -carbazate o(^ -N-methy 1-S-Benzy 1- P -N-2-Hydroxy- 
5-Car boxy-phenyl glyoxal fmethylene di th i o-car bazate , ^ -N-methyl 
S-Benzyl-^ -N-E-amino Benzophenone methylene dithio car bazate , and 
2s5-Dimethoxy phenyl glyoxal thiosemi carbazone . 

Chromium complexes s- 


1. CCr {C19H20NE03SE)E 1 C13 - It was prepared fay mixing 
ethanolic solution of Crcl3. 6 HEO (1.32 gm. 0.005 M) with 0.01 
M-^ N-methyl-S-Benzyl- ^-N-2!5- Dimethoxy (phenyl glyoxal) 
methylene dithio carbazate. On refluxing for about an hour green 
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coloured mass was obtained it was filtered, washed successively 
water and alcohol and dried in vacuo. 

2. CCr (C19H20N203S2)2D (NH3)3 - A mixture of CrC13. 6 H20 
(0.05 M) and ^ -N- methyl-S- Benzyl - p* -N-2! 5-Dimethoxy (phenyl 
glyoxal) methylene-di-th io-carfaazate (0.01 M) was refluxed for 
about two hour, after adjusting the pH~6.5 on water bath. The 
blue coloured precipitate so formed was filtered, washed with 
water- %ai cohol dried and collected over P4010 in vacuo. 

3. CCr (C22H21N3S2)33 C13 - To a ethanolic solution of CrC13. 
6 0 (0.05 M) was added ^ -N- Methyl-S-Benzyl- ^ -N- (2 amino 
Benzo phenone ) methylene-dithio-carbazate (0.01 Mol.), and 
refluxed for 2-hour, after removing the solvent, the contents 
were concentrated on water bath, gave greenish coloured mass, 
which was filtered, washed and dried. 


4. CCr (C22H21N3S2)3 3 (NH3)3 - To an ethanolic solution of 
chromium chloride hexa hydrate, a solution of -N-Methyl-S- 
Benzyl- P - N - (2-amino Benzo phenone) methylene dithiocarbazate 
(0.01 M) was added followed by raising the ftH by dilute solution 
of aiTiiTionia. The mixture was reflued for about 2-hour, when 
greenish coloured mass was separated out. It was then suction 
filtered through Buchnner funnel, washed with water and dried 



under vacuum 


5. CCr2 (C18H15N204S2)E C143 C12 - The complex was prepared by 


refluxing ethanolic solution of chromium chloride hexa hydrate 


N- methyl-S- Benzyl 


N- ( S-Hy d r oxy-5-car boxy 
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phenyl glyoxal) methylene dithio carbazate in 1:1 molar ratio. 
The dark green mass obtained was filtered, washed with water and 
dried in vacuo. 


Manganese ( III ) complexes 

CMn£ (C11H13N3035)4 (0H)S3 3H2 0 - The complex salt was prepared 
by refluxing the manganese ( III ) dihydrate and S:5- Dimethoxy 
phenyl glyoxal thiosemi carbazone in ethanol in 1:E stoichiometric 
ratio for about 2-hour. After concentration and cooling for 2-3 


days brownish coloured mass started appearing, 
washed and dried in vacuo. 

- *- • * ■ ■ o , , , 

Cobalt ( III ) complexess- X.,. 


It was 


.. I 


I ,i, 


filtered. 


1. CCo2 <C11H13N303S)4 C123 C14 - The corriplex was prepared by 
mixing ethanolic solution of 2:5- Dimethoxy phenyl glyoxal 
thiosemicarbazone and cobalt chloride hexahydrate in 1:1 
stoichiometric ratio. After raising the pH to about 6.0 by dilute 
solution of ammonium hydroxide reddish brown coloured solution 
was obtained. It was refluxed for about an hour and then vigorous 
stream of purified air was passed into the reaction mixture for 
about 24 hours. A brownish red mass was obtained. The complex was 
filtered, washed sucessively with water and alcohol and dried in 
vacuo . 


Vanadyl ( II ) complexes :- 

1. CVo ( c11H13N303S)2 3 B04 - The complex was prepared by 
refluxing ethanolic solution of vanadyl sulphate monohydrate 
<0.05 M) and 2:5-Dimethoxy phenyl glyoxal thiosemicarbazone (0.01 
Ml in. 1*2 molar ratio for two hour and then keeping the resulting 
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solutions overnight .'r' A bluish green coloured mass was obtained. 
It was filtered washed with water and dried in va cuum. 

2. CVo (C1 1H13N303S)2 13 C12 - The bluish green mass was obtained 
by refluxing vanadyl chloride and 2:5 Dimethoxy phenyl glyoxal 
thiosemicarbazone in ethanol in 1:2 molar ratio. The filtered 
mass was washed, and dried over cone. H2So4 in vacumm desiccator. 

Results and discussion:- 

Chromipm < III ) complexes Magnetic susceptibilities of the 

s 

chromium complexes were measured by a modified form(24) of Gouys 
balance, and found them paramagnetic. The magnetic moment lies in 
the range 3.66 B.M. -3.98 B.M. showing tetragonal distortion 
stereochsmistry(25) . The deviation 1 ^V2,3 I between the 
calculated and experimental values also support the above 
contention. 

Electroni c spectral studies The values of molar conductance 
shows some of the complexes are electrolytic in nature. 

The electronic spectra of CrIII) complex show three 

•v) 

transitions 4 A2g(F) > 4 T2g(F) v1; 4 AEg > 4 T1g(F) (^2) 

and 4 A2g(F) > 4 T1g(P) (*^3) in order of their increasing 

energy at around 17000-18000, 23000-25000 and 36000-38000 cm -1. 

If the field is further lowered to D4h symmetry these states 
further splits into (4 Eg + 4 B2g), <4 A2g + 4 Eg) and (4 A2g(P) 
+ 4 Eg <P) ) states respectively and therefore, six bands are 

expected in D4h symmetry (26) . The splitting of band (1) and (li) 
indicate lowering of symmetry. The energy transitions are 
proposed by Barnum<27-28) and First spin allowed transition 
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TDH-Sq.Pyra. - Tetragonally distorted monomeric square pyramidal. 
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Table (7.8) Electronic spectral Bands (Cm-1) Tentative assignments, Ligand field and NSH 
parameters for vanadyl )1I) complexes. P. No. 153- 


yr 




153 


directly give 10 CNf the values of»2 and V3 were calculated 

using the standard equations which include configuration 

inteaction. The Racah parameter (B) may be calculated by four 

different methods as discussed by Koninq{29). 

2 2 

<2 VI + V2 - 3 V1 V2) 

1 = 10 Dq ..... <I) (a) B1 (ID 

( 15 V2 - 27 V1 ) 


(b) B2 

f 


2 2 

(2 VI + V3 - 3 VI V3 ) 
( 15 V3 - 27 VI ) 


(Fitting the second band) 
(III) 

(Fitting the third band ) 



B3 


( V2 + V3 - 3 VI ) 
15 


CIV) 


(Fitting the sum of second and third band) 


2 

(d) B4 = 1/75, C (3V1 + C 25 ( V3-V2)2 - 16 V1 >3 1/2 (V) 

(Fitting the difference of third and second band) 

But in the present complexes the value of B35 and B55 have been 
calculated by the expression. 


B35 


( V2 + V3 - 3 V1 ) 


15 


(Fitting the sum of V2 and V3) 

2 

50 B 55 

B55 = E ( 4 A2g > 2 Eg ) = 9 B55 + 3 C - 

10 D^q 

assuming (C = 4 B) 

The value of B and P - depends significantly on the method 
adopted however the best fit method is (c) where the deviation is 
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of less order in V2, V3 observed and calculated. Nephelauxetic 
ratio ( ^ 35) is determined by repulsion in both values of ^ 35 
and P 55 indicate too much weak delocalisation of metal 
electrons and0t..type interaction between metal and ligandOO). 

The octahedral stereochemistry of the complex has also 
been further confirmed from the low value of molar extinction 
coefficient, various values of ligand field parameters eg. Ds, 
Dt , DQ, DQA, DQE, dcT", d^jT , D1, DE, D3 further support distorted 
octahedf al structures (31-33) . 



Cobalt (III) complex C COE <C1 1H13N303S)4 CIS 1 CIA 
Maqn^i c Studies Complex is found to be diamagnetic. This 

behaviour of the complex ruled out the mixing of bivalent cobalt. 
The cobalt (III) complexes are usually diamagnetic irrespective 
of the geometry of the ligand field environment. 

Ele ct roni c s pe ct ral studies ?- 

The electronic spectra of the complex show various bands 
in the region 8500, 16430, E0300, E7475, and 31780 cm -1 out of 
the five bands two bands appearing at 16430 and E0300 cm -1 are 
characteristic of octahedral six coordinate trivalent cobalt(34). 
These bands have been assigned to the transitions 1 Alg — >1 AEg; 
— > 1 Ega — > 1 BEg and — > 1 Egb respectively. The first two 
bands are the split components of 1 T1g in which higher energy 
band is a shoulder and of low intensity. Like wise 1 TSg splits 







into two bands, the higher energy band assigned to 1 Egb, which 
is also found to be of low intensity. These observation indicate 
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deviation from octahedral stereochemistry with approximate D4 h 
symmetry. The values of Dq/B in the complex is close to Dq/B= 4.0 
showing tetragonally distorted octahedral geometry. 

By knowing the splitting of (I) excited term 1 Tig, and 
1 T2g (II) which is 35/4 dt. and - 6 DS + 5/4 dt. respectively 
in octahedral symmetry, the value of different ligand field 
parameters Dt, DS, Dq (xy), Dq (z2) have been calculated (35). 

Ho, rmfills; .d S rherical Harmonic (NSH) Hamiltonian and its 
Ae£iJ,cjLtlSJ2£i:: 

■'ll* 

The square pyramid which confirms to C4 V point group 
symmetry can be cosspared to D4 h point group. This follows from 
the crystal field argument that the energy levels in a tetragonal 
complex are determined by the total potential along the Z - axis, 

t 

regardless of whether this potential is equally or unequally 
distributed above and below the molecular plane<36) . In case of a 
square pyramid, the potential below or above the Z-axis may be 
taken, as zero. On the basis of these arguments. Lever et. al 
(37) applied the newly developed theory of Normalised spherical 
Harmonic (NSHI Har.ii itonian to find oi.t the absolute liaMitd field 
parameters i gnat ed «s Dq, DS, DT, DQA, and DGE in conjuttion 
with the F:acah interelectronic parameters, B and C. \iifcue 
parameters along wii.-h the ratio DT/Dq, Which i easures the degree 
of distortion, project the true stereo - chem’str> and nc’tur.j of 
bonding in cubic and non cubic complexes. 
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These parameters have been fully capitalised to 
distinguish them from the conventional ligand field parameters 
Dq, DqE, DQA, DS and Dt, and the ralationship has been 
established between them (38). 

The advantage of NSH Hamiltonian parameters are — 

(i) It take into consideration off-diagonal contribution to 
(dt). 

(ii) Parameters are independent of coordinate system. 

(iii) f Can be compared with crystal field or angular overlap 

model (39-40). 

NSH and classical parameters are related bv 

DS •= - 7 DS 


DT » (7 Ji^/Z ) Dt 


DQ = (6 

jiT 

) Dq - 

( 7 JSI/S ) 

Dt. 



It 

is 

to be 

noted 

that 

with 

this Hamiltonian 

the 

tetragonal 

distortion 

splits 

the 

eg and 

tSg levels of 

the 

octahedron 

in 

a fashion which 

obeys 

the centre of gravity 

rule 

for both DS and 

DT in 

contradiction 

to the 

classical approach 

. In 


the limit octahedral symmetry when DS and DT are zero, the tensor 
Hamiltonian Yields value of DQ which are greater than those of 
the classically used Hamiltonian by the factor (6 , SI). Two 
additional parameters derived from the spectra of tetragonal 
molecules such as HE 4 AS are DqE and Dq (A), the magnitude of 
the crystal field parameter in the hypothetical octahedral HE 6 
and HA 6, respectively <41-4S). 
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NSH parameters are related to classical one. 

DQ “ <1/6) ( A DQE 2 DQA ) 

DT •» (1/3) ( ) ( DQE - DQA ) 

•Jill 

= (1/2) ( "r > ( DQ - DQA ) 

JT 

JT' 

= ( == ) ( DQE - DQ ) 

^ JT^ 

These quantities make it clear that DQ it a measure of the 

avei^ge ligand field experienced by the metal ion, unlike the 
classical Dq which is a measure of the inplane ligand field. 

DT/DQi measure degree of distortion. DT/DQ values 

generally lie in the range of 0.1 to 0.2 while the value of this 
ratio for a square planar complex is 0.4226. 

The DQA has the significance of the field experienced by 
the metal ion along Z-axis. It is actually an average of the 
axial ligand field due to the absence of a ligand in the sixth 
position. In such a case where the field strength in the sixth 
position is 2f ro, the DQA has a magnitude of half the field 
strength of axial ligand. 

The NSH absolute parameter can also be related to the 
MCcIure Molecular parameters as 


dcr ■ ( 1/28 ) ( 6 DS 

xt^ , 




DT ) 


TT 


< 1/14 ) ( 3 DS 2 


J 3 


DT ) 
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Where dif' represents the difference between the antionding power 
of the Z (iT'Z) ligand and ^ antibonding power of the (X-Y> plane 
ligand fl”L, dTT i* thus similarly defines. 

dCr = S'! - 
d7\ » 7CZ - 7\;’L 

The negative value of d(p indicate that the (T - antibonding 
capability of equatorial ligand is more than that of the axial 

ligand . and since dyf is positive, the TT ability of 

f 

axial ligand is more than equatorial ligands. 

DT/DQ value (0.112) indicate distortion in octahedral 
geom^ry (43-44) . 

Manganese (HI) complex i- 

CMnZ (C11H13N303S)4 (0H)23 3 H20 - The magnetic moment 
of the complex is (4.88 B.M.) which corresponds to d4 ion without 
orbital contributions(45) . Moreover the pairing of sf in in 
manganese complexes only occurs for compounds of strongest field 
(CN-). However small lowering of magnetic moment from spin only 
value of 4.94 B.M. may arise from the effects lowering in 
symmetry(46) or spin orbit coupling. 

Electronic spectral studies^- The electronic spectra of the 
complex shows number of bands at 9648, 13790, 21387 and 30665 cm-1 
which have been assigned to spin forbidden, 5 Big — •> 5 Alg ( ^1)| 
5 Big — > 5 B2g ( *^2) and 5 B1g — > 5 Eg ( *^3) transition in 

order of increasing energy following Jahn-Teller(47) inter 
electronic forces. The band observed at 21387 cm-1 is the 
characteristic of octahedral stereo chemlstry(48) . Alternatively, 
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the spectral bands be assigned in single electron transitions 
as dz2 > d (X2-Y2)| dxy — > d(x2-y2) and dxy.dyz — > d<x2-yE) 
respectively(49-52) . 

Therefore, the energy level sequence for C4V square 

pyramidal molecule can be drawn as 5 B1< 5 A1 < 5 BE < 5 E. on 

the above basis the values of 10 Dq, B. ^ , FE and F4 have been 

calculated using perumareddi equation(53> . The value of DS, Dt, 
have been used up in calculating DS and DT. DQE and DQA 

correspond to degree of distortion by proposing equitorial and 

S' 

axial field strength. 

Magnetic studiest- Vanadyl (H) complexes CVo (C11H13N303S>23 

SD4 and C Vo (C1 1H13N303S)E 1 CIE - Magnetic moment values of the 
complexes correspond to one paired electron and very close to 
spin only value for monomeric vanadyl (ID complexes (54-55) . 

Electronic spectral studiess- The vanadyl (II) complexes show 
three (d-d) transition of low intensity around 12000-13000 cm-1 
16000-17000 cm-1, E1000-22000 cm-1 and 24000-E5000 cm-1 (charge 

transfer), which have been assigned to Transitions (E BE — > 2 E) 
(dxy — > dxz.dyz)? E BE --> E B1 (dxy — > dx2-y2 and 2 BE — > 2A1 
(dxy — > dzE) using vanquichen-Borne and Mcglynn- scheme(56) as 
well as Ballhausen and Gray(57) for tetragonally distorted 
monomeric square pyramidal Vanadyl (II) complex. Similar scheme 
was also favoured by Selbin et.al(58)!t in lower symmetry 
vanadyl (II) complexes. The complexes show a broad visible band 
centered at 13510 cm-1 with shoulders on either sides. This 
suggest the low symmetry of the complex(59). The three bands 
observed in the electronic spectra may be assigned in an 
octahedral symmetry with tetragonal dlstortion(60-61) . 
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Any band beyond 2E000 cm-1 may be attributed to charge 
transfer or intra ligand transition. 

The values of various ligand field and NSH- parameters DQ, 
DT , DS, DQE, DQA, and DT/DQ suggest tetragonal distortion in the 
complexes . 

IR Studiesi- 

Chromium <1II) complexess- A broad band at 3440 cm-1 in the 

<C18H16NE04S2) ligand is ascribed to ^(OH) vibration, lowered 

% 

due to intra molecular and 0-H N hydrogen bonding. 

Disappearance of band in complexation indicative of deprotonation 
and formation of <C-0-M) bond. The band found in the spectra of 
ligand at about 1320 cm-1 shifts to higher frequency region 1340 
cm-1 further support Bonding of <C-0-M) through phenolic oxygen 
at om . 

The (CH=N) stretching frequency of the ligand observed at 
1640 cm-1 shifts to 1620-1S90 cm-1 in the complexes. The negative 
shift in frequency on complexation indicate (62— 63) the bonding 
with the chromium ion. 

New Bands at 470, 430 cm-1 observed in the spectra of 

metal complexes (64-65) are due to ^(H-N) and ’))(M-S). Conclusive 
evidence of metal-oxygen bond is provided by a band*^ 500 cm-l in 
the complexes. A sharp band observed ot 2900 cm-1 due to (N-H) 
remain unaltered in the spectra of complexes. 

The IR spectra of the ligands show very strong 
absorptions at 1680 cm-1 (C»0). The aldehydic (C-0) and the 
phenolic (C-0) both split into two, .the aldehydic <C«0) show up 
at 1680 and 1640 cm-1 where as phenolic (C-O) can be spotted out 


tenffth (Micmns) 



I. K. S^eclra ^ Cr(m), MnQt), 
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at 1350 and 13S0 cm-1. By comparing the spectra of the complexes 
with free ligand, decreased in frequency of >C=0 has been 
observed showing the chelation through carbonyl moiety (66-67) . 

The free ligand exhibits bands at 3S40<S), 3180(S) and 
810(MS) cm-1 in its IR spectrum, attributable to 'V^(NHS) and 

^ <C=S) respectively. These bands are shifted to lower wave 
numbers in the spectra of the complexes indicating the 

coordination from amino nitrogen and thioketo sulphur. From the 

Ip 

above discussion it may be concluded that the coordinating sites 

are >C=0, -CH=N and >C=S <C19H20N203SE) ; -OH, >C=0, -CH=N and 

'S^ 

>C=S {C18H16NE04S2) and -NH2, >C=N- and >C=S (C22H21N3S2) . 


r- 




tin ( 1 1 1 ) and Co(III) complexes^- The bands observed in the IR 
spectra of present Mndll) and Co(III) complexes at 1635, 1690 
and 805 cm-1 are assigned to (CH=N); ( >C=0) and 1?(C=S) modes 
respect ively (68— 70) . A negative shift of (CH=!'4> of 30-35 cm-1 in 
all the complexes indicate the participation of azomethine 
nitrogen in coordination (71 ) . The carbonyl group band at 1690 cm- 
1 is shifted to lower wave number in the complex spectrum which 
suggest the participation of this group, in chelation. However 
the position of >C=S does not change indicating the non 
participation of this group in chelation, A non ligand band in 
the region 820-830 cm-1 assignable to rocking mode of poordinated 
water. The bands occuring around 400 cm-1 in the spectra of the 


complexes are assigned to "^(M-S) and 'V(M-N) modes(72) 





-164- 


>■ 

The bands due to '^as(NH>, and '^(NHS) either 
remain unchanged or show a slight positive shift in all the 
compleKes indicating that the 'V^<N -H) nitrogen is not involved in 
bonding. On the basis of above information it may be said that 
the ligand is bidentate with >C=0 and -CH=N coordinating sites. 

VO < 1 1 ) complexes 8- The IR spectrum of (C1 1H13N303S) show three 
bands at 1635; 1690 and 805 cro-1 assignable to >C=0 
and >C=S groups. The bands around 3400 and 3100 cm-1 assignable 
to as NH2 and "V^s NH2 respectively. The V<C=S) band at 805 cm-1 
does not shift on complex formation, revealing its non 
participation in complexation(73) , 

The band at 1690 cm-1 corresponds to the V(C=0> modes(74 
- 75) reduced to lower frequency in chelation. This indicate that 
the oxygen atom of the carbonyl group of the ligand coordinated 
to the metal ion. 

A strong band seen at 1635 cm-1 due to ')^(CH=N) mode(76) 
in the spectra of ligand is shifted to about 1600 cm-1 after 
complexation indicating the coordination of azomethine nitrogen 
to vanadyl ion. A shoulder in the region 1410—1390 cm-1 in the 
complexes is assigned to the (C— H) deformation mode. 

A strong band in the complex was observed at 980 cro-1 
which is assigned(77-76) to {vs=o). New bands observed in the 
region 610-450 cm-1 (79-80) are assigned to ^(M-N) and <M-0) 
modes(81-85) . 

From the IR studies of the complex it is presumed that 
the ligand <C11H13N303S) behaves in a bidentate manner 
coordinating through the (-CH»N) and >C“0 groups <86-91 ). 
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C HAP TER - VIII 

Biocidal activity of some compound 

MlLMUZUm ■- The year 1934 may regarded as the 
opening area of organic sulphur pesticides wit^ the introduction 
Qf Dithiocarbamates. Sin« then, organic Pesticides have assumed 
an incereasing importance. They after the advantage of a greater 

specificity of action and in many cases loweir +-,wie. 4 i- ♦ 

'"T Loxicxiiy 1,0 Qtiier' 

forffis a life « In agriculture , these are of n 

^ ^ particular value on 

high quality crops where the added expenses • 

On their use are 

compensated by the superior quality and ofie^ quantity of the 

final produce. They have also found wide industry. 

The possibility of designing oroartiv ^ 

•' 3 janic molecule with 

superior pesticidal activity greater margin of r. 

^ ^ ^ 3 ot safety for use in 

agriculture and less hazards led to the ^apid pareliminary 

evaluation of thousand of organic (1-5) compounds for their 

pesticidal activity sulphur and a number of itc 

^ , r Its organic compounds 

function as a good fungicides and peslicidgc; j 

^ ^ ^ . Young and ong 

studied the preparation and properies of con„da,i v. t u 

r r “iioidal sulphur as 

insecticides <6-9) Hydrophobic and hydrophiii,. 

^ ■’ sulphur were 

prepared. 

Roork and Busbey have prepared a list of organic sulphur 
compounds used as pesticides which includes thiocabamales , 
dithiocarbamates, mercaptans sulphides aliphatic and 

aromatic , oxygenated sulphur compounds such as sulphonic acids 


sulphochlorides, 


sulphones, sulphoxides 


sulphites and 


sulphates, sulphonamides, thiazines and thioacids 

(10-14) thiophenes, thiourea and xanthate. 
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The group > N C - is considered to be essential for 
>*■ «■ 

S 

pesticidal action. The hydrogen attached to nitrogen atom may be 
replaced by alkyl or aryl radicals while the hydrogen attached to 
sulphur is dissociable and may be replaced by a metal or any salt 
for ming organic or inorganic radicals. 

There is a corelation between the toxicity of metals and 
their ability to form stable chelates. Following orderof chelate 
stability and the toxicity of metals prove itj- 
Che late stabi 1 itv 2. Hg > cd> Ni > Pb >Co = Zn > Ca > Fe > !in 
Toxicity Hg > cd > Ni > Pb > Co > Zn > Fe > Ca 

-jl- In view of the known toxicity of metal complexes a few 
metallic 2:5 Dimethoxy Phenyl glyoxal thiosemi carbazone , 4 - 

methoxy phenyl thiosemi carbazone of EsS Dimothoxy Phenyl glyoxal 
and X p(-N- methyl S - Benzyl - P - N- (255 - Dimethoxy phenyl 

glyoxal) mnethylene dithiocarbazate , have been treated with 

aqous / ethanolic solution of salts of mercury , Zinc Copper, 
Cobalt , Manganese, Nickel and ferric and the corresponding 
complexes have been obtained. All of them have been analysed 

characterised and tested against per oi 1 lus nioer and 

Altarnaria So Ian i . 

A few complexes have been found very effective against 
both the test fungi. 

A comparison of toxicities of the compounds (Table No. 8.1 
to 8.3) show that in general 4 - methoxy Phenyl 

thiosemicarbazone of Es5 Dimethoxy phenyl glyoxal is more active 
than the 2s5 Dimethoxy phenyl glyoxal thiosemicarbazone and A - 
N - methyl -S- Benzyl - N- (2i5 Dimethoxy phenyl glyoxal) 
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methylene dithiocarfaazate . 

Effect of the metal ions i- 

A study of the toxicity of the complexes (Table No 
to 8.3) show the effect of metals ions on the toxicity 
following order s- 

Hg > Ni > Fe > Mn > Zn > Cu for Asper gi 1 lus m i g e r 
Mg > Cu > Co > Ni> Zn > Mn > Fe for A1 ternar ia Solani 
The Hg - Complexes have been found to be the most 
for both the test fungi. 

The toxicities of all the metal complexes have 
described in the table on the following pages 
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Exper imental 

Evaluation of the Pesti cidal activity 

<1) Preparation of the culture media 400 ml of water 
and 400 gm of thinly cut pieces of peeled potatoes were taken in 
1000 ml. beaker. In another beaker 15 gms . agar - agar and 350 
ml. of water were taken. Both the beakers were heated to boiling 
in an auto clave or 10-15 lbs pressure for about an half hour. The 
contents were filtered separately while hot and then mixed in one 
litre measuring flask contaning 25 gms of dextrose and 60 ml of 
water. The contents were well stirred for 15 minutes and then the 
volume was made upto the mark by adding hot water. The media is 
poured in 250 ml conical flasks and the flasks were plugged with 
cotton the flasks were then sterilised at 15 lbs pressure for 20 
minutes in an autoclave and taken to a sterilised chamber. 

( ii ) Testina of the toxicity of the compounds- 
Four conical flasks of 250 ml capacity were taken and 100 
ml of potato - dextrose - agar agar media was poured into each 
flask. These were plugged with coton and sterilised at 15 lbs 
pressure for 20 minutes in an auto clave , the flasks were 
then cooled to 50 C and numbered as 1,2, 3, and 4. A 20,000 ppm 
solution of the test compound was prepared and 5 ml. 0.5 ml and 
0.05 ml of it was added in flasks No 1,2, and 3 respectively, 
giving the final strength of the compound in the media as 1000, 
100 and 10 ppm. Flask No 4 represented the zero concentrations of 
the test compound. The media from each flask was poured as 
ceptically in four sterilised and numbered petri dishes. These 
were allowed to cool and as soon as the agar-agar Jelly was set. 
The dishes were in verted and kept overnight. 
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(iii> Inocul ation £f the micro oraanisfri?- Seven days old cultures 
O'f A1 te rnar ia Solani and Asperoi 1 lus n i qe r were cut in discs of 
0.5 mm. These fungal discs were inoculated in the petri dishes 
aseptically in a sterilised chamber and were kept for seven days 
in an incubation chamber at 25 + 1 C. 

( i v) Measurement of the funoal growth:- Seven days after the 
inoculation of the fungi the radial growth of the fungal colony 
in each petri dishes was measured for each concentration and the 
average was calculated. The radial growth of the fungal colony in 
the dish containing zero concentraion of the test compound served 
as tlie check. 

The results obtained have been described in table Nos. 8.1 


to 8.3. 
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